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Approximately 69,000,000 individuals sustain TBIs each year worldwide.
Alcohol use is a known risk factor for TBI. Nearly 50% of individuals with TBI endorse
binge drinking, alcohol-related negative consequences, or meet criteria for AUDs. One of
the most pressing issues within the alcohol-TBI literature is predicting post-TBI alcoholrelated problems, as this results in poorer recovery, rehabilitation, and functioning.
Evidence for TBIs causing post-injury alcohol use in those without pre-injury
problematic alcohol use is mixed; not all TBI survivors experience alcohol-related
problems post-injury. Evidence is mounting that one of the most robust predictors of
post-injury alcohol problems is childhood or adolescent TBI, including samples of
adolescents and adults who sustained a TBI prior to initiating alcohol use. Informed by
the dual process model, the study aimed to examine how adolescent/young adult mTBI
predicts the following: post-injury alcohol use; self-reported impulsivity and risk-taking;
behavioral risk-taking; and alcohol demand in college students who engage in binge
drinking. The study also examined whether neuropsychological functioning mediated
these relationships and how induced cognitive depletion interacted with mTBI history to
impact these variables.

93 college students who reported engaging in binge drinking consented to
participate in research. During the study, participants were assessed for TBI history, were
randomly assigned to a cognitive depletion or placebo, and completed a series of
behavioral, self-report, and neuropsychological measures. A series of regression analyses
were conducted to test study hypotheses, including tests of mediation and moderation.
TBI did not significantly predict alcohol use/alcohol-related negative
consequences, nor did it significantly predict neuropsychological functioning. TBI
significantly predicted greater behavioral, but not self-reported risk-taking/impulsivity.
Cognitive depletion manipulation did not significantly impact behavioral impulsivity or
alcohol demand. Further, mediation and moderation hypotheses were not supported. In
sum, the results do not suggest that mTBI impacts alcohol use/alcohol-related
consequences or neuropsychological functioning in college binge drinkers. Various study
limitations and implications are identified. Further research is needed to elucidate the
factors that cause post-mTBI alcohol-related problems.
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CHAPTER 1: LITERATURE REVIEW
Traumatic Brain Injury
Traumatic Brain Injury, Defined. The Centers for Disease Control and
Prevention (CDC) defines traumatic brain injury (TBI) as an injury (typically caused by a
bump, blow, or jolt) to the head or a penetrating head injury resulting in disruption in the
normal function of the brain. TBIs are characterized by severity of injury (mild,
moderate, or severe). Researchers and clinicians have used a variety of methods to aid in
diagnosing TBI severity. These various methods include: initial Glasgow Coma Scale
(GCS) scores, presence and length of posttraumatic amnesia (PTA), absence or presence
of injury-induced loss of consciousness, post-injury symptom severity, and structural
neuroimaging findings. One study compiled a variety of classification schemes to aid in
categorizing TBIs into the aforementioned severity groups (Brasure et al., 2012).
According to this model, mild TBIs (mTBIs; also commonly referred to as concussions)
are designated as TBIs in which consciousness is altered (momentarily to 24 hours) or
only briefly lost (up to 30 minutes), accompanied by mild physical, cognitive, and
affective symptoms, minimal posttraumatic amnesia (PTA) (minutes to one day) and
initial GCS score of 13-15. mTBIs are typically thought to resolve on their own for most
individuals in three to ten days (Field et al., 2003; McCrea et al., 2003). Mild TBIs are
the most commonly occurring type of TBI, accounting for 70-90% of all TBIs (Cassidy et
al., 2004).
Moderate TBIs are defined as injuries after which an individual loses
consciousness for between 30 minutes to 24 hours, experiences PTA lasting one to seven
days, and has an initial GCS score of nine to twelve. Severe TBIs are defined as those
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after which an individual is unconscious for greater than 24 hours, has post-traumatic
amnesia lasting more than seven days, and scores less than nine on initial GCS. Moderate
and severe TBIs often include abnormal structural neuroimaging findings (e.g.,
hemorrhaging, diffuse axonal injury) and typically require much more extensive recovery
times, ranging from weeks to years of rehabilitation1. Moderate to severe TBIs occur at
much lower rates than mTBIs, yet estimates suggest that between 3.2 and 5.3 million
survivors of moderate to severe TBIs are living with a disability due to TBI in the United
States alone (Selassie et al., 2008; Thurman et al., 1999; Zaloshnja et al., 2008).
Prevalence of TBI. Estimates suggest that approximately 2.8 million individuals
receive medical treatment for TBI each year in the United States alone (Center for
Disease Control and Prevention, 2003; Taylor et al., 2017), accounting for 1.4 million
emergency room (ER) visits (Faul et al., 2010) and costing between nine to ten million
dollars each year in personal and societal costs (NIH Consensus Development Panel on
Rehabilitation of Persons with Traumatic Brain Injury, 1999). Experts in this area caution
that these numbers are a gross underestimation of the true incidence of annual TBIs in the
United States, as many individuals with TBI are never seen by a medical provider for
their injury (Taylor et al., 2017). Further, due to lack of consensus on TBI diagnostic
tools and what designates a TBI, some individuals who do seek medical care are not
properly diagnosed (Roozenbeek et al.,2013). Given the various causes of TBI (which are
described further in later sections), this injury afflicts many different sub-groups of

1

The vast majority of research literature combines individuals with moderate and severe
TBIs into a single group of study due to the difficulty in teasing apart the differences
between them. Thus, for the remainder of the present project, moderate and severe TBIs
will be discussed as an aggregate category as they compare to mTBIs
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people within the broader population across the lifespan including athletes, veterans,
people with co-occurring mental health conditions, survivors of intimate partner violence,
justice-involved individuals, persons with high-risk occupations, cyclists, and automobile
drivers.
Though research shows that TBI prevalence varies across different
socioeconomic, cultural, and historically minoritized groups, these differences and their
causes still remain understudied. For example, one recent study (Brenner et al., 2020)
reviewed articles published from 2006 to 2017 on traumatic brain injury and found that
78% of articles did not include information on participants’ race or ethnicity. Research in
this area that has focused on individual differences and TBI has revealed that TBI is more
prevalent in individuals living in poverty (Kisser et al., 2017) or with lower
socioeconomic status (SES; Kraus et al., 1986; Sosin et al., 1996; Whitman et al., 1984),
in people with public insurance or without insurance compared to those with private
insurance (Meagher et al., 2015), Black Americans, Asian Americans, and Hispanic
Americans (Bowman et al., 2007; Brenner et al., 2020).
American Indian/Alaska Natives, Black, and Hispanic participants with TBI are
more likely than white participants to die during TBI-related hospitalization (Bowman et
al., 2007; Coronado et al., 2011), and if they survive, people of color (POC) are less
likely to be discharged to an acute rehabilitation hospital for further services (Bowman et
al., 2007), experience greater levels of disability (Shafi et al., 2007), and encounter
poorer long-term functional outcomes than white individuals (Ponsford et al., 2020), even
when injury severity, physical and cognitive symptoms, and other injuries are controlled
for. Disparities in TBI diagnosis and treatment are even less well understood in relation
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to other socioeconomic factors including gender identity, LGBTQIA identity, religion,
and countries outside of The United States, Australia, and Europe. Research suggests that
minoritized communities are likely at greater risk for TBI due to the downstream effects
of oppression (e.g., poverty, decreased healthcare, high risk occupations), so increased
research in this area is highly important.
Common Causes of TBI. Among mTBIs, the most common causes include falls
from a shorter distance, being hit by or against an object, and sports activities (Majdan et
al., 2011). Despite the frequent media coverage of sports-related concussion, some
research suggests that rates of sports mTBI in those younger than 19 have fallen by 62%
(Coronado et al., 2011). Falls alone account for the majority of mTBIs and are most
common in young children and older adults (Bazarian et al., 2005). The most common
causes of moderate to severe TBI are motor vehicle accidents, falls, assaults, bicycle
accidents, gunshots, and penetration wounds (Majdan et al., 2011). One study found that
vehicle accidents are the most common of these causes, accounting for approximately
47% of all moderate to severe TBIs treated in the hospital (Majdan et al., 2011).
Individuals most likely to die as a result of a TBI are those within 75+ age range (Frieden
et al., 2015). Overall, deaths due to TBI have decreased between 2001 and 2010 (Frieden
et al., 2015), which researchers attribute to improved motor vehicle safety, as these are
the most common cause of TBI-related deaths. However, the incidence of TBIs due to
motor vehicle accidents remain high in the 20-24 year age range (Frieden et al., 2015).
TBI in College Students. As is true across the general population, college aged
individuals are most likely to sustain a mTBI than a moderate/severe injury. Even after a
mild injury, research shows that sustaining a TBI during college can result in a variety of
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negative consequences specific to college students. First, TBI, even if symptoms only last
one to two weeks, can negatively affect class attendance, impair one’s ability to engage
and attend to course material if one is able to attend class, and can ultimately result in
falling behind in classes or earning a lower grade on assignments, tests, or the course
completely (Kennedy et al., 2008). Although most universities have structures in place to
provide accommodations for individuals experiencing cognitive challenges due to a TBI
(e.g., provision of lecture notes, extended time on exams), some students report
discomfort in utilizing these accommodations. Aside from the cognitive changes
impacting academic performance, students often also report psychological distress
following their injuries (Marschark et al., 2000), which can also interfere with college
performance.
Due to the growing concern about concussion in athletics, the consequences of
TBI in college students have been studied in the greatest depth within the student athlete
population. Despite this increased focus, sports activities remain one of the most common
causes of mtBI. Studies show that football, ice hockey, and women’s soccer athletes have
the highest rates of concussion and one report found that these sports accounted for
57.6% of all sports-related concussions over two years and across 25 collegiate sports
(Zuckerman et al., 2015). After sustaining a TBI, college student athletes typically have a
team of providers aiding in their return to pre-injury functioning, including athletic
trainers, team neuropsychologists, and athletic physicians. The vast majority of
institutions have implemented the recommended return to play guidelines (Heads Up)
outlined by the CDC (U.S. Department of Health and Human Sevices Centers for Disease
Control, 2010). Thus, a college athlete’s recovery from TBI is typically closely followed
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by their treatment team. Historically, research into sports-related concussion has shown
that the athletes that return to play have “healed” from their TBI. There is evidence for
this fact in that these athletes’ physical and cognitive symptoms have resolved, which has
historically been treated as a reflection of total brain recovery.
In spite of these behavioral indices, some athletes who sustain a concussion but
are considered “asymptomatic” display a neurophysiological profile very similar to their
symptomatic injured counterparts (Gosselin et al., 2006). Further, some athletes return to
play but display lasting psychological changes (Rice et al., 2018) and recent studies have
found that hazardous drinking is associated with history of concussion (Martin et al.,
2018) and that athletes with a history of concussion are more likely than their nonconcussed athlete counterparts to engage in greater alcohol consumption (Alcock et al.,
2018). Thus, there seems to be some lasting change that occurs in these athletes that
impacts their experiences and behaviors long after their brain injury has “healed.”
A few recent neuroimaging studies have provided preliminary evidence that
concussion does result in lasting changes in the brain even after behavioral and physical
symptoms have resolved. First, Ledwidge & Molfese (2016) studied collegiate football
players with and without a history of concussion. Athletes in the concussion group
experienced their most recent concussion at an average of four years prior to the study.
The authors utilized high-density ERP to study attention performance and its associated
neurophysiological underpinnings and found that despite no behavioral differences in
attention performance between the two groups, athletes with a prior concussion displayed
significantly aberrant neurophysiological response during these tasks. The authors argue
that such a neurophysiological response is likely reflecting that these athletes required
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compensatory neurological activity to produce the task response. Second, (Shah-Basak
and colleagues (2017) studied the visual attention and working memory of adult males
with recent history of concussion or no injury. Using magnetoencephalography (MEG) to
measure brain response during one visual attention task and one visual working memory
task. Similar to Ledwidge & Molfese, the authors found similar behavioral performance
between the two groups, but found abnormal brain response in the concussion group,
particularly in frontoparietal, ventral occipitotemporal, temporal, and subcortical areas.
The authors also attributed these differences as reflecting inefficient but compensatory
visuoperceptual, memory processing despite these individuals being considered
“recovered” from their concussion.
Risk Factors for TBI. One widely known risk factor for sustaining a TBI is
gender. Males are much more likely to sustain a TBI than females across all age groups,
and account for approximately 59% of all TBIs in the US each year (Faul et al., 2010).
Second, it has been shown that risk for TBI varies across the lifespan, and generally
follows a u-shaped curve, with those at each end of the developmental spectrum (young
children and older adults) at highest risk for injury (Frieden et al., 2015). Further, risk
levels vary with severity of injury. Risk for mild injuries are highest in childhood and
older adulthood, with this increased risk mostly attributed to TBIs sustained during falls
(Frieden et al., 2015). The next most common age group for mTBI is 15-24, mostly
consisting of sports injuries, minor car accidents, and bicycle injuries (Faul et al., 2010).
Risk for moderate/severe injures varies quite significantly across age groups and cause of
injury, but those at greatest risk for injuries due to motor vehicle accidents and assaults
are those between 15-24 years (Faul et al., 2010). Lastly, prior brain injury is a risk factor
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for recurrent TBI, with two to three times increased risk for a second TBI compared to
those without TBI histories, and exponentially increased risk for re-injury after each
additional TBI sustained compared to the general population (Annegers et al., 1980). This
increased risk for injury after prior TBI is thought to be explained by a combination of
neurobiological vulnerability and behavioral factors (e.g., cognitive difficulties, increased
impulsivity) attributed to TBI (Theadom et al., 2015).
Some aspects of personality have been examined as TBI risk factors. For
example, risk-taking and impulsivity have been described as predictors of increased risk
for injuries in general (Chamorro et al., 2012) and TBI (Mosti & Coccaro, 2018), though
most research in this area has focused on how TBI causes increases impulsivity and risktaking, rather than examining how these aspects of personality may be present prior to
injury. Alcohol and other substance use have also been established as risk factors for TBI
(Roebuck-Spencer & Cernich, 2014). Though the research on substances other than
alcohol and their relationship to TBI is also growing, the present study focuses
exclusively on the relationship between alcohol and TBI. Injuries in general increasingly
involve alcohol, with one study showing the rate of emergency department (ED) visits
involving alcohol rose by 61.6% between 2006 and 2014 (White et al., 2018). TBIs
frequently occur in the context of alcohol consumption or intoxication and in people who
consume alcohol, misuse alcohol, or have an alcohol use disorder (AUD). Recent
research is suggesting that this connection between TBIs and alcohol misuse is
bidirectional and complex. The following section further explores the extant literature on
the co-occurrence of alcohol use and TBI.
Traumatic Brain Injury and Alcohol Use:
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Prevalence. Estimates suggest that more than half of all TBIs occur with some
amount of alcohol in the patient’s system (Tagliaferri et al., 2006), with at least 50% of
individuals legally intoxicated (BAL >0.08) at the time of injury (O’Phelan et al., 2008).
Percentages of intoxicated patients are even higher for TBIs sustained via assaults or
motor vehicle accidents (Corrigan, 1995). Further, various studies show that majority of
individuals with TBI endorse some alcohol use, with nearly 50% endorsing binge
drinking, alcohol-related negative consequences, or meeting diagnostic criteria for more
severe AUDs (Bombardier et al., 2003; Dikmen et al., 1995).
Despite such high prevalence, this is a relatively new area of research as many
factors have complicated efforts to understand alcohol use and TBI. First, most studies on
TBI (including behavioral, neuropsychological, neuroimaging, and rehabilitation)
routinely exclude individuals with history of or current problematic alcohol use. Second,
most studies on alcohol use, especially those which investigate neuropsychological or
neurobiological variables also exclude individuals with history of neurological disease or
conditions, including history of TBI. Alcohol misuse and TBI share many biological,
neuropsychological, and behavioral sequelae, so elucidating causal relationships between
alcohol misuse and TBI is extremely difficult (e.g., understanding if brain dysfunction is
attributable to personality factors, pre-TBI alcohol use, or effects of TBI) (Weil et al.,
2016).
Despite these challenges, studying alcohol and TBI is important and has
implications for many individuals who misuse alcohol. As highlighted previously,
research suggests that the population of people with TBI disproportionately consists of
people at risk for developing an AUD or already meet criteria for an AUD. Additionally,
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the population of individuals seeking treatment for AUD is comprised of a large
percentage of people with a history of TBI. Studies show that between 38-63% of
individuals seeking treatment for AUDs in the community have a history of TBI
(Corrigan, 2005). One study found that in addition to more than 50% of individuals
seeking substance use treatment had a history of TBI, almost half of those with a prior
TBI had sustained multiple TBIs (Sacks et al., 2009). Justice-involved individuals,
homeless individuals, and survivors of abuse have all been shown to have increased rates
of TBI (Farrer & Hedges, 2011; Haag et al., 2019; Stubbs et al., 2020) as well as
increased risks for alcohol and other substance use disorders (Fazel et al., 2017; Hedtke et
al., 2008; Stringfellow et al., 2016). Thus, excluding individuals from alcohol studies
with a history of TBI and excluding individuals with alcohol misuse from TBI studies
presents a significant limitation for research hoping to generalize to broader community
populations of TBI survivors or individuals suffering from or in recovery for alcohol
misuse. Increased research in this area can help to more accurately characterize the
experience of TBI and alcohol use, and likely aid in prevention and treatment efforts
going forward.
The following sections summarize the current literature on co-occurring alcohol
misuse and TBI. Specifically, research on pre-injury2 alcohol use and its role as a risk
factor for TBI, the controversial effects of intoxication at the time of injury, post-injury
alcohol use, the biological, cognitive, psychological, and behavioral sequelae shared
between alcohol misuse and TBI, and current holes and limitations in the alcohol and TBI

When the terms “pre-injury,” “post-injury,” and “injury-related” are used throughout
this manuscript, injury refers to traumatic brain injury specifically, unless otherwise
noted.
2
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literature (especially within college-aged populations) are reviewed. Lastly, the selfmedication model and dual process model are reviewed for their utility in understanding
this topic within college students who engage in alcohol misuse.
Pre-injury Alcohol Use. As previously described, alcohol use is widely
acknowledged as a robust risk factor for sustaining a TBI. Alcohol use increases risk for
sustaining injuries in general, but research suggests intoxication may increase risk for
more severe injuries, such as TBI. For example, it is not surprising that among cyclists,
those who ride while intoxicated are more likely to fall. However, one study of cyclists
who fell while riding found that alcohol intoxication significantly increased the
likelihood of sustaining a TBI in the fall. Further, research clearly connects alcohol
intoxication with high rates of injury mortality prior to receiving medical care (Opreanu
et al., 2010).
Alcohol is known to increase risk-taking, impair decision making, and hinder
balance and motor coordination via its impact on neurotransmission and functioning
within the frontal, temporal, limbic, and cerebellar areas of the brain (these effects are
described further in later sections). Thus, alcohol’s connection to injury risk is not
surprising. Binge drinking, in particular, appears to be strongly associated with injury
risk, as research suggests that binge drinkers are at a significantly higher risk of
sustaining a TBI than chronic heavy alcohol users (Corrigan et al., 2013). Considering the
high prevalence of AUDs in survivors of TBI, researchers and clinicians have
emphasized the period of acute TBI rehabilitation as an ideal time to begin alcohol
interventions in TBI survivors will prior problematic alcohol use (Sander et al., 2012) as
survivors engaged in inpatient rehabilitation have established a period of abstinence and,

12
if their injury involved alcohol, their motivation for change may be especially high.
Researchers have validated alcohol assessments and brief alcohol interventions for TBI
survivors in rehabilitation settings (Bryce et al., 2015; Sander et al., 2012), however,
treatments for individuals with AUD and TBI are in other settings are still being
developed.
Intoxication at Time of Injury – Conflicting Evidence. Despite the clear
connection between alcohol intoxication and injury mortality prior to receiving medical
care, the long-term impact of alcohol intoxication beyond survival is mixed. Studies in
the 1980s and 1990s began to present evidence that being under the influence of alcohol
when sustaining a TBI provided neuroprotective effects in human (Jagger et al., 1984)
and animal models (Kelly et al., 1997; Taylor et al., 2002), though at the time, it was
unclear how these acute protective effects translate into post-acute outcomes (Kelly,
1995). In the decades since these initial studies, research in this area has produced mixed
findings. Recent animal studies have displayed both support for (Goodman et al., 2013)
and against (Teng & Molina, 2014) the neuroprotective role of intoxication at the time of
injury. Recent human literature in this area remains similarly inconclusive, with some
studies reporting improved functional outcomes for those intoxicated at time of injury
(Mohseni et al., 2016; Raj et al., 2014), others reporting no impact of intoxication on
recovery or functional outcomes (De Guise et al., 2009b; Matsukawa et al., 2013), and
others reporting negative impact on recovery (Mathias & Osborn, 2016; Pandit et al.,
2014), increased mortality (Pandit et al., 2014), poor long-term outcomes (Wilde et al.,
2004), and three-fold increased risk for sustaining a TBI in the future (Vaaramo et al.,
2014).
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One variable to consider when examining these mixed findings is pre-injury
alcohol misuse. Often, when this variable is considered, day of injury (DOI) intoxication
either no longer predicts post-injury functioning or predicts negative post-injury
outcomes (Ruff et al., 1990). For example, in one study, researchers examined
individuals who had pre-injury alcohol misuse and were intoxicated at DOI, those who
had pre-injury alcohol misuse, but were not intoxicated at DOI, and those who were only
intoxicated at DOI but had no pre-injury alcohol misuse, the former groups were the only
ones to display significantly worse symptoms and outcomes after TBI (De Guise et al.,
2009). Additionally, a recent review paper (Weil et al., 2016) noted an important
limitation that may confound the DOI intoxication debate. Most studies that assess long
term outcomes following TBI fail to account for the fact that many individuals who
return to alcohol use often drop out of research participation and are lost to follow up.
This research indicates that intoxication at time of injury may be one important
consideration for TBI recovery, especially in individuals with significant pre-injury
alcohol misuse.
Post-injury Alcohol Use. Though intoxication at time of injury remains
controversial, the literature on post-injury alcohol use is unequivocal. Using alcohol after
TBI is more hazardous than using without a prior TBI. For example, cognition is more
impaired when consuming smaller amounts of alcohol in patients with a prior TBI than
those without (Baguley et al., 1997), patients report reduced alcohol tolerance (Oddy et
al., 1985), and alcohol worsens TBI-related balance and motor impairments, increasing
risk for falls and re-injury. Further, post-injury alcohol use increases risk for seizures,
compromises recovery efforts, contributes to prolonged disability and decreased life
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satisfaction, and increases risk for re-injury (Corrigan, 1995; Corrigan et al., 2001; Jorge
et al., 2005). Thus, one of the most important questions within the area of alcohol and
TBI is who goes on to experience alcohol-related problems after TBI, as alcohol misuse
after TBI results in poorer rehabilitation (Corrigan, 1995), worse post-injury functioning
(Ellerd & Moore, 1992), and increased risk for post-traumatic seizures (Vaaramo et al.,
2014).
Medical professionals have historically advised patients to abstain from alcohol
use after injury, and research shows that immediately after injury, alcohol use generally
decreases (Kreutzer et al., 1990) in samples of survivors of moderate/severe TBI.
Specifically, in the first year after moderate/severe TBI, alcohol use declines for most
individuals due to a combination of resulting disability, hospitalization (and decreased
access to alcohol), and acute factors (Bombardier et al., 2003; Ponsford et al., 2007).
Other survivors of TBI choose to quit drinking after TBI or engage in alcohol use
treatment if their injuries occurred while they were intoxicated. Research has shown that
this choice is more common in those who sustained a TBI from a motor vehicle accident
(Booth & Grosswiler, 1978).
Typical trajectories of alcohol use following mTBI are understudied, but recent
research suggest that post-mTBI alcohol use is more common early after injury than is
observed after moderate/severe TBI. One specific study (Lawrence et al., 2020) found
that 40.7% of adults with mTBI used alcohol during the acute phase of recovery (within
seven days post-injury). Carroll et al., (2020) analyzed self-reported alcohol use across
five time points post-mTBI (two weeks, three months, six months, one year, and two
years) and found that harmful drinking (e.g., AUDIT score ≥ 8) increased from 20% of
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the sample at two weeks post-injury, to 36% of the sample at three months post-injury,
and remained at 35% of the sample at two years post-injury.
Despite the variety of remaining questions surrounding who will develop postinjury alcohol problems, one of the strongest predictors identified is pre-injury alcohol
problems (De Guise et al., 2009). Those who misused alcohol before injury are highly
likely after the first-year post-injury to engage in excessive alcohol use (Dikmen et al.,
1995; Ponsford et al., 2007). For example, one study found that individuals were over ten
times as likely to have post-TBI alcohol problems if they scored high on an alcohol
screener before TBI (Bombardier et al., 2003).
The evidence for TBIs causing post-injury alcohol use in those without pre-injury
problematic alcohol use is less clear, as not all survivors of TBI experience problems
with alcohol after injury. Yet, some studies have found that individuals without pre-injury
diagnosed substance or psychological problems were significantly more likely to report
increased rates of alcohol and substance use disorders after sustaining a TBI (Hibbard et
al., 1998; Massagli et al., 2004; Ommaya et al., 1996). Some researchers have
encouraged caution that the causality between TBI and post-injury alcohol use is
complicated by other associated factors (e.g., drinking to cope with TBI symptoms or
associated psychological symptoms, increased impulsivity after TBI) that may act to
mediate this relationship (Bjork & Grant, 2009).
However, recent research sheds light on the possible causal link between TBI and
future problematic alcohol use. Evidence is mounting that one of the most robust
predictors of post-injury alcohol problems is sustaining a TBI during childhood or
adolescence (Corrigan et al., 2013; Ilie et al., 2015; Weil et al., 2016). Most importantly,
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this finding holds true in samples of adolescents and adults who sustained a TBI prior to
initiating alcohol use. These studies have shown that high school students whose injury
included loss of consciousness were two to three times more likely to engage in alcohol
use and display patterns of binge drinking than their non-injured peers (Corrigan et al.,
2013; Ilie et al., 2015; Weil et al., 2016). One study of adult survivors of TBI receiving
inpatient rehabilitation found that likelihood for experiencing substance use issues during
adulthood was doubled if participants had sustained a TBI before the age of 16 (Corrigan
et al., 2013). Further this increased likelihood for experiencing alcohol-related problems
after a childhood/adolescent TBI is observed after both mTBI and moderate/severe TBI
alike (Weil et al., 2016). In order to better understand the bi-directional relationship
between TBI and alcohol use, it is necessary to review how the two conditions similarly,
but uniquely alter biological, neuropsychological, and behavioral functioning. Some of
these links are the current topic of investigation as potential mechanisms linking alcohol
misuse and TBI. The scientific literature on these shared sequelae are discussed next.
Sequelae Linking Alcohol Misuse and TBI.
Biological Sequelae of TBI. As previously described, a TBI occurs after a force
(e.g., bump, blow, jolt, penetrating object) to the head results in a disruption of the
normal activity of the brain (loss or alteration of consciousness with resulting symptoms).
A comprehensive overview of the various complex pathophysiological processes that
proceed following a TBI is beyond the scope of this project. The following summary
focuses on the gestalt biological sequelae that are characteristic of TBI, and highlights the
biological sequelae that are shared between TBI and alcohol misuse. For an in-depth
review of the pathophysiology of TBI, refer to Ng & Lee, 2019.
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The biological sequelae that characterize a TBI are typically separated into two
categories: 1) damage from the initial brain insult (primary brain injuries); and 2)
secondary brain injuries that follow the initial insult. When a force is sustained to the
head, the force itself compresses the tissue at the site of impact (including skin, bone, and
underlying brain tissue), and can cause instantaneous damage to the underlying neurons,
other brain cells, and microvasculature. This damage is often referred to as the “coup”
injury and can result in hematomas and/or hemorrhages across different layers of brain
tissue and surrounding dura matter. If strong enough, the force can cause a second site of
immediate damage, caused by the brain rebounding on the inside of the skull opposite the
initial impact site (often referred to as the “contre-coup” injury), and can also result in
hematomas and/or hemorrhages. Lastly, another type of brain injury can occur due to the
acceleration/deceleration rotational forces that affect neural tissue upon impact. These
forces strain, and sometimes even shear the axons within neurons, damaging this part of
the neuron. Though lesion locations from TBI vary, damage to frontotemporal,
cerebellar, and subcortical (e.g., limbic system) brain systems is very common (Bigler,
2001).
Primary injuries sustained immediately after the force results in a TBI and result
in a cascade of secondary effects, which can result in secondary injury. The biological
processes causing these secondary injuries include neuroinflammation, excitotoxicity,
oxidative stress, axon degeneration, apoptosis, among others (Ng & Lee, 2019). TBIinduced neuroinflammation can be observed through presence of edema, gliosis, and proinflammatory cytokine expression in the brain. Despite individual differences in TBIs
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(across causes and severity), inflammation occurs following most injuries and often is
long-lasting (Holmin & Mathiesen, 1999; Johnson et al., 2013).
Post-TBI dopamine (DA) dysregulation is common, particularly in mid-brain DArich regions (Bales et al., 2009). This DA dysregulation is theorized to contribute to
common deficits in attention, memory, executive control and reasoning following TBI.
Reduced binding of D2 receptors and DA transporters were observed in the striatum in
TBI patients (across severity levels) in the absence of lesions to this area, suggesting that
DA dysfunction may be a common characteristic of TBI (Donnemiller et al., 2000).
Dopamine’s role in the sequelae of TBI has been further supported by human and animal
clinical studies showing that DA receptor agonists and other dopaminergic drugs have
proven helpful in improving motor, cognitive, and behavioral functioning after TBI
(Warden et al., 2006).
Animal models have been especially useful in further exploring the role of
dopamine in TBI sequelae. These studies demonstrate immediate and lasting changes in
DA after experimental TBI, including evidence that midbrain DA systems are especially
vulnerable to TBI and leaving them especially vulnerable to substances following injury
(Hutson et al., 2011). Further, experimental TBI models reveal that DA concentrations
quickly increase and remain high after the first 24 hours post-injury as a compensatory
response to TBI (Massucci et al., 2004). Following acute recovery, animal models show
that the dopamine transporter (DAT) remains downregulated for up to one month postinjury, potentially representing a long-lasting downregulation of DA signaling (Wagner
et al., 2005). Further, the role of dopamine specifically in TBI and the resulting longlasting psychological, social, and cognitive symptoms experienced by survivors.
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Despite increased understanding of the pathophysiology of TBI, it is important to
address the singular nature of each person’s brain injury. Considering the inherent
neuroplasticity of the human brain, each injury occurs in the context of a unique brain.
Further, because of the ways in which each individual TBI results in a series of primary
and secondary pathophysiological changes from focal and diffuse injuries, not every TBI
is the same, with the damage resulting from TBI varying widely across individual
injuries, even within the same category of TBI (mild, moderate, severe). However, many
of the most common neuropsychological and behavioral sequelae described in following
sections are often attributed to damage to the frontotemporal areas of the brain sustained
in TBIs.
Sustaining a TBI during childhood or adolescence is especially detrimental as the
process of brain development is underway. Generally, the younger age at injury and the
greater the severity of injury, the greater the chance of neurocognitive delay or
disruptions in neurodevelopment generally (B. M. Anderson et al., 2011). Recovery of
lower-order skills after diffuse acquired brain damage is possible and common, as
research shows that neuroplasticity allows for other healthy brain areas to be recruited for
these lower-order skills (Stiles et al, 2009; Wilke et al., 2009). However, higher-order
skills such as attention, processing speed, and executive functioning are less successfully
recovered through neuroplastic processes (Hanten & Levin, 2015; Kolb et al., 2000).
Post-TBI disruption in neurodevelopment can have a variety of functional expressions
ranging from severe (delays in cognitive development globally), to more moderate
(relatively normal cognitive functioning after acute TBI recovery with emerging deficits
throughout development as environmental demands increase), to milder deficits
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(difficulties with complex cognitive functions such as attention and executive
functioning) (Anderson et al., 2011). Thus, sustaining a TBI during early life produces
changes to neurodevelopmental processes while also resulting in the typical biological
sequelae of TBIs.
Biological Sequelae of Alcohol Misuse. Alcohol is a central nervous system
(CNS) depressant. Due to its chemical properties of water and lipid solubility, it easily
passes through the blood-brain barrier. Once inside the blood brain barrier, alcohol has
been found to impact a variety of neurotransmitters and their systems, including
dopamine (DA), serotonin (5HT), γ-amino butyric acid (GABA), glycine and glutamate
systems (Kaarre et al., 2018; Lovinger, 1997; Mukherjee et al., 2008; Volkow et al.,
2009). Alcohol’s overall depressive impact on the central nervous system is thought to
occur through patterns of inhibition and excitation of these various neurotransmitter
systems. The precise role of each neurotransmitter and associated systems is the subject
of a myriad of ongoing research efforts.
Short-term alcohol consumption increases inhibitory neurotransmission via
increasing GABA and glycine, both which have a sedative effect on behavior
(Valenzuela, 1997). Alcohol’s well established negative impact on memory formation has
been attributed to its inhibition of glutamate transmission (Lovinger, 1997) and
stimulation of GABA transmission (Weiner et al., 2002), reversing the neurotransmission
patterns necessary for long –term potentiation (the cellular process thought to underlie
learning and memory). The highly rewarding experience of a consuming alcohol is
associated with sharp increases in dopamine release. Over multiple drinking sessions,
these marked increases in dopamine signal associative learning and sets the stage for
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alcohol-related cues and eventually craving (Volkow et al., 2016). Similar to findings in
animal models of TBI, downregulation of DA has been observed in binge drinking
adolescent rats who continue to show life-long alterations in DA signaling (Philpot et al.,
2009; Zandy et al., 2015). Further, both severe and more mild alcohol use patterns have
result in increased neuroinflammatory states (He & Crews, 2008; Qin et al., 2008).
Neuroimaging methods show that under acute alcohol states, sensory regions
(e.g., temporal lobe, brainstem, visual cortex) increasingly communicate together and
also increasingly communicate with the cortex (anterior cingulate cortex [ACC],
prefrontal cortex) (Bjork & Gilman, 2014). This resting state connectivity observed under
alcohol intoxication is thought to represent increased cue/stimulus-reward learning. fMRI
research reveals that alcohol globally dampens BOLD activity when perceiving a visual
or auditory stimuli (Levin et al., 1998; Seifritz et al., 2000), consistent with the consensus
that alcohol acts as a central nervous system depressant. During attention tasks, acute
alcohol reduces the BOLD signal in the ACC, insula, lateral prefrontal cortex, and
parietal lobe as the number of commission errors rise in conjunction (Anderson et al.,
2011). This finding of reduced activity in ACC is consistent with ERP studies showing
that acute alcohol hinders error monitoring through suppression of the ACC
(Ridderinkhof et al., 2002).
Other studies have demonstrated that acute alcohol impacts the BOLD response,
but does not translate to differences in performance on cognitive tasks. Calhoun and
colleagues (2004) observed this phenomenon when their participants completed a visual
discrimination/mental rotation task and found an increased BOLD response in the insula,
dorsolateral prefrontal and precentral cortices and a decreased BOLD response in anterior
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and posterior cingulate in the acute alcohol condition. However, only modest effects were
observed in the alcohol condition on the actual visual perception performance. Similarly,
Paulus and colleagues (2008) observed that alcohol had no negative effect on error rate or
response time on a working memory task, but did decrease memory load-dependent
activation in the dorsolateral prefrontal cortex.
Acute alcohol states have shown to also impact brain responses underlying
emotion processing and decision-making tasks. Alcohol’s known effect of increasing
aggression (Hoaken & Stewart, 2003) has been thought to be governed in part by its
blunting of activity in the amygdala, insula, parahippocampal gyrus, and visual
processing regions when viewing fearful faces (Gilman et al., 2008). In general, alcohol
has demonstrated a blunting effect on limbic structures that are normally engaged by
emotional stimuli in social contexts (Padula et al., 2011).
Acute alcohol consumption has demonstrated its direct effect on increasing
laboratory risk-taking behaviors (Lane et al., 2004). Specifically, alcohol has been shown
to increase risky decision making, including a decreased sensitivity to losses and an
increased sensitivity to wins/rewards. fMRI and ERP studies have shown that this alcohol
effect is accompanied by dampening mid-brain structures involved in control and error
monitoring and amplifying response to rewards in structures important for reward
(Gilman et al., 2012; Holroyd & Yeung, 2003).
Studies have examined how the neuropsychological deficits described previously
correspond to differences in functional brain activity across different types of drinkers.
For example, effects of chronic and heavy alcohol consumption typically associated with
alcohol dependence include re-wiring of the reward, motivation, and decision-making
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circuits in the brain (e.g., prefrontal cortex (orbital, medial, and cingulate), hippocampus,
basolateral amygdala, brainstem, hypothalamus, ventral tegmental area, substantia nigra
pars compacta, ventral and dorsal globus pallidus, thalamus)) with repeated consumption
(Volkow et al., 2003). Notably, these structures and circuits are important for attention,
learning, memory, and executive functioning and are thought to explain the
neuropsychological deficits observed in those with alcohol dependence. Research,
encouragingly, also demonstrates that many of these negative changes to brain activity
can improve with increasing time abstinent from alcohol (Volkow et al., 2003).
Post-mortem and structural studies have yet to determine the existence of
shrinkage or substantial decreased brain volume in binge drinkers, likely a function of the
younger age of most binge drinkers and less chronic nature of binge drinking. However,
neuroimaging techniques have revealed more subtle changes in brain tissue, including
decreased white matter in binge drinkers (McQueeny et al., 2009) compared to agematched controls, as well as lower fractional angiostropy (FA) in the frontal, cerebellar,
temporal, and parietal regions (McQueeny et al., 2009). High levels of FA are typically
indicative of healthy development of the brain as it often suggests more effective fiber
organization, myelination, and other structural components of the axon (Roberts &
Schwartz, 2007). Additionally, binge drinkers have been found to have decreased volume
in the cerebellum (Lisdahl et al., 2013) as well as changes in cortical thickness (Squeglia
et al., 2013). Further, studies reveal that neurobiological changes are consistent with
many of the aforementioned neuropsychological changes observed in binge drinkers.
Studies using event-related potential imaging (ERP) revealed that binge drinkers
display lower late P300 amplitude when asked to recognize faces compared to non-binge
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drinkers, which was suggested as reflecting sub-optimal inhibitory brain response (Ehlers
et al., 2007), show delayed latencies in the P100, N200, and P300 as elicited by
emotional stimuli (Maurage et al., 2009), and demonstrate atypical ERP profiles marked
by hypoactivation in the prefrontal regions during working memory tasks (Crego et al.,
2009, 2012). It is especially notable that some of the aforementioned studies detected
these differences in brain response between binge drinkers and non-binge drinkers even
in the absence of behavioral differences, potentially suggesting that brain response to
stimuli may be a more sensitive measure for differences between these groups than
traditional behavioral measures that rely on self-report. Further, ERP studies examining
the error-related negativity (ERN) and the error-positivity component (Pe) waveforms
found a larger ERN amplitude with a delayed Pe latency in binge drinkers compared to
non-binge drinkers, suggesting impaired internal performance and error monitoring along
with decreased processing of the errors’ motivational significance (Séverine Lannoy et
al., 2017). These ERP waveforms (as well as the Feedback-Related Negativity) are
thought to be driven by the midbrain dopamine system and that abnormalities observed
on these waveforms may underlie the observed increases in impulsivity and continued
error making despite experiencing negative consequences related to alcohol use.
fMRI studies have also highlighted changes in brain response when binge
drinkers are engaged in verbal learning, working memory, and executive functioning
tasks. Specifically, when compared to non-binge drinking controls, binge drinkers
displayed decreased activation in occipital and hippocampal regions as well as increased
activation in frontal and parietal regions when encoding new verbal information
(Schweinsburg et al., 2010, 2011), reflecting a greater engagement of working memory
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systems to encode information in a less efficient manner. Additionally, studies show that
binge drinkers display greater activity in the left amygdala and insula when making
decisions, suggestive of altered circuitry involved in affective and incentive-related
behavior (Xiao et al., 2013).
Importantly, neurobiological effects of alcohol use are especially detrimental
when occurring in the context of the developing brain. Drinking onset during childhood
or adolescence has been found to be associated with a range of indicators of interrupted
brain development and associated brain functioning. These neurobiological changes are
also associated with altered cognition (Lisdahl et al., 2013). Generally, the younger age
of alcohol use onset, and the greater the severity of alcohol use, the more substantial are
the observed altered neurodevelopment, brain functioning, and cognitive effects (Lisdahl
et al., 2018).
Neuropsychological Sequelae of TBI. Following TBI, most survivors experience
changes in neuropsychological functioning. Most common among these deficits are in
learning and memory, attention, processing speed, and executive functioning (Frieden et
al., 2015). After sustaining a mTBI specifically, many individuals experience mild
deficits in processing speed, attention, memory, and executive functioning during the
acute stage of recovery (McCrea et al., 2003). Additionally, individuals often report both
physical and psychological symptoms including headache, light and noise sensitivity,
nausea, dizziness, unstable balance, anxiety, and low mood during the acute stage of
recovery from concussion. Both research and clinical practice have revealed that the vast
majority of individuals experience symptom reduction and often complete eradication
between five to ten days post-injury (Field et al., 2003; McCrea et al., 2003). Research on
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factors related to symptom recovery versus symptom persistence (e.g., post-concussion
syndrome) has exploded and received great research and public interest in the past ten
years with former professional athletes experiencing long-lasting cognitive and emotional
difficulties after repeated TBI. A thorough review of this literature is beyond the scope of
the present project. For a review of these areas, refer to Azariah & Watanabe (2021) or
McCrory et al., (2013).
Following moderate/severe TBI, survivors experience similar symptoms as
described after mTBI, though are typically much more severe and long-lasting and
require more substantial rehabilitation for recovery of functioning. Moderate/severe TBI
results in significant neuropsychological, social, and emotional changes that, for most
survivors, improve most rapidly through the first two years post-injury. Yet, millions of
survivors in the United States alone live with a disability due to TBI (Frieden et al.,
2015). TBI has been referred to as the “silent epidemic” as many survivors completely
recover from observable motor, communication, and sensory impairments, but continue
to struggle with these subtler neuropsychological, social, and affective changes (Faul et
al., 2010). Common neuropsychological difficulties often remain in learning, memory,
attention, and executive functioning after the acute and post-acute phases of recovery.
Additionally, survivors experience high rates of depression, anxiety, and overall emotion
dysregulation after injury in combination with difficulties with social interaction (Frieden
et al., 2015).
Emotional distress, including psychological disorders (e.g., posttraumatic stress
disorder (PTSD), major depressive disorder (MDD), and anxiety disorders) following
TBI are common at rates higher than the general population (Ponsford et al., 2018) and
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are thought to occur for a variety of reasons. First, sustaining a TBI often results in
disruption to a survivor’s normal life and ability to function, which understandably often
gives rise to emotional distress. Second, some evidence suggests that the
pathophysiological changes that occur as part of TBI make the brain more vulnerable to
developing mental health disorders (van Reekum et al., 2000). Research suggests that 26
to 36 percent of individuals with moderate/severe TBI experience MDD post-injury (Seel
et al., 2010). Anxiety after TBI is also common, with 13 to 32 percent of individuals
meeting criteria for an anxiety disorder post-injury (Scholten et al., 2016). After mTBI,
emotional distress is common in the acute phases of recovery (Brooks et al., 2019) and
though not as common after moderate/severe injury, development of post-injury
depression and anxiety disorders are not atypical (Bryant et al., 2010). Importantly,
within the mTBI literature, persistent psychological distress is often conceptualized as
part of post-concussion syndrome (Ryan & Warden, 2003), wherein individuals
experience lasting physical, cognitive, or emotional symptoms after sustaining a
mTBI/concussion. Pre-injury psychological functioning appears to play a large role in
who experiences lasting psychological distress after a mTBI, as pre-injury anxiety,
anxiety sensitivity, and depression are associated with persistent emotional distress postinjury (Caze et al., 2020; McCauley et al., 2013).
Recent research has also highlighted the high prevalence of co-occurring TBI and
PTSD in veteran and civilians. Though both TBIs and PTSD occur in the context of
trauma, their connection appears more complex than this shared characteristic. For
example, one study of combat veterans found that compared to individuals who sustained
physical trauma (not involving the head or neck), prevalence of PTSD in those who
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sustained a TBI was 28% higher (Hoge et al., 2008). Another study found a similar
pattern in a sample of civilians (Bryant et al., 2010). The ways in which TBI and PTSD
each impact the hypothalamic pituitary adrenal axis, negatively affect the autonomic
nervous system, and involve changes in the limbic and frontal areas of the brain have
been proposed as potential mechanisms linking these two conditions beyond what can be
explained by trauma exposure (Weil et al., 2018).
Neuropsychological Sequelae of Alcohol Misuse. Repeated alcohol use over
time has also been found to alter the functioning of the brain. Neuropsychological
research has investigated the impact of alcohol use on a range of cognitive functions
including attention, memory, processing speed, and executive functioning. Historically,
this research has focused on neuropsychological changes as a result of chronic heavy
drinking (falling within the domain of severe alcohol use disorders or previously
described as alcohol dependence). Research shows that a variety of cognitive domains are
negatively impacted by such chronic heavy drinking, including deficits in memory,
executive functioning, and visuospatial abilities. More specifically, research in
individuals with severe alcohol use disorders reveals a neuropsychological profile in
which episodic memory and learning ability is impaired via deficits in encoding
information, recalling previously encoded information, recalling temporal-spatial aspects
of a memory, and also using metacognitive skills within memories to imagine one’s own
thoughts or feelings in a recalled situation while memory storage is largely
uncompromised (Bernardin et al., 2014). Executive functions are often impaired in
individuals with severe alcohol use disorders, including difficulties with response
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inhibition/impulsivity, mental flexibility, and coordination of multiple tasks at once
(Bernardin et al., 2014).
Research has also explored the neuropsychological changes seen in individuals
with less severe alcohol use patterns, displaying use consistent with a mild alcohol use
disorder or sub-clinical patterns of binge drinking or heavy episodic drinking. Overall,
this research has revealed that even at these less severe levels of consumption, reductions
in memory, attention, and executive functioning are common. In particular, binge
drinkers tend to display worse memory, especially retention of information (Brown et al.,
2008), show impaired vigilance during attention tasks (Townshend & Duka, 2005), and
display a range of executive functioning deficits including increased error making, poor
planning, greater impulsive responding, greater risky decision making, and decreased
cognitive flexibility (Hermens et al., 2013). Research attempting to better characterize the
complexity of the neuropsychological changes seen in binge drinkers have utilized agematched, non-binge drinking controls for improved comparisons. One study (Mota et al.,
2013) found that individuals who did not differ in neuropsychological functioning prior
to beginning binge drinking later showed decreased ability to recall themes and details
from a verbal story and made more errors on an executive working memory task which
requires generation and monitoring of a motor sequence. Interestingly, in this same study,
individuals who had previously consumed alcohol in a binge drinking pattern showed an
improvement in cognition once they ceased binge drinking.
Another study found evidence that prospective memory (defined as the memory
for a future action or intention or remembering to do/remember something) for details in
a laboratory video procedure task was significantly lower in binge drinkers compared to
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non-binge drinkers, even after controlling for age, anxiety and depression, years spent
drinking, and hours since last alcohol use (Heffernan & O’Neill, 2012). Importantly, this
same study found that binge and non-binge drinkers did not differ in their self-reported
difficulties in everyday prospective memory. This detail may suggest that binge drinkers
lack insight into the subtle ways their drinking effects neuropsychological performance.
Findings have shown that the aforementioned problem of acting impulsively (maintained
by compromised executive functioning) is especially problematic in response to alcoholassociated stimuli such that binge drinkers compared to non-binge drinkers make more
impulsive errors in response to alcohol-related stimuli and that such responding predict
future binge drinking behaviors (Czapla et al., 2015).
Behavioral Sequelae of TBI. Individuals with TBI tend to exhibit behavioral
changes that are largely consistent with and related to the aforementioned
neuropsychological sequelae. In fact, many of the behavioral difficulties common
following TBI are associated with executive functioning (Wood & Worthington, 2017).
Though executive functioning as a cognitive domain is relatively well understood by
researchers and clinicians, how executive functioning translates to behavioral problems,
social difficulties, and functional impairments are less widely understood by researchers
and clinicians. This has important clinical implications as survivors of TBI and their
families/caregivers often report the most concern about behavioral changes post-injury
compared to other post-injury concerns (Marsh et al., 1998). These behavioral sequelae
include problems with impulse/inhibitory control, motivation, aggression, decisionmaking, social awareness/cognition, emotion control/regulation (Wood & Worthington,
2017), and altered reward sensitivity (Merkel et al., 2017). As has been mentioned in
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previous sections, the severity of post-injury behavioral changes tends to positively
correlate with severity of TBI (Riggio & Wong, 2009).
Behavioral Sequelae of Alcohol Misuse. As with TBI, the characteristic
behavioral patterns of AUDs strongly relate to their characteristic neuropsychological
changes. As alcohol misuse becomes more severe, neuropsychological difficulties
worsen, and individuals with AUDs often exhibit striking behavioral changes, though
they tend to occur gradually over time, compared to suddenly post-TBI. Though gradual,
families of individuals with AUDs also report experiencing distress and family discord
due to these associated behavioral and functional problems (Tyo & McCurry, 2020).
Behavioral sequelae of AUDs include changes in motivation, impulsivity, reward
sensitivity, compulsive substance consumption, increased negative affect (depression,
anxiety, restlessness), and worse emotion regulation in general (Lannoy et al., 2014;
Volkow et al., 2016).
Summary of Shared Sequelae.
TBI and alcohol misuse share a variety of biological, neuropsychological, and
behavioral sequelae that were discussed separately in the previous sections. Next, some
of the shared sequelae relevant to the present project are briefly summarized. The first
relevant shared biological characteristic is neuroinflammation. As alcohol increases
neuroinflammation and induces a cascade of neurobiological changes, post-injury alcohol
use may interfere with the brain’s post-injury healing process, or even cause further
damage to structures compromised in the TBI. Not only does neuroinflammation occur as
a result of alcohol use, studies have found that inflammatory states can drive alcohol
consumption (Crews et al., 2011). Thus, TBI-induced inflammation could theoretically
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act to drive alcohol consumption. This hypothesis is supported by animal research
showing that after TBI, chronic exposure to alcohol worsened neurological symptoms
and resulted in enhanced gliosis in the rat cortex (Teng et al., 2015). These animal studies
of alcohol and experimental TBI suggest that increased post-injury alcohol consumption
may be mediated by increased DA concentrations immediately following TBI, potentially
resulting in further downregulated DA activity into adulthood, increasing risk for alcohol
problems in adulthood (Weil et al., 2016). As outlined in the previous sections, brain
areas commonly compromised in TBI (frontal and temporal areas) are some of the same
areas that alcohol negatively impacts. Further, recent research suggests that the
interaction between abnormal neural reward systems and neuroinflammatory signaling,
which may be a mechanism through which individuals with TBI are more vulnerable to
development of alcohol misuse (Weil et al., 2018).
As previously noted, problematic alcohol use and traumatic brain injury are each
known to result in marked neuropsychological changes. Some of these
neuropsychological changes are shared by both TBI and alcohol use, primarily changes in
executive functioning, decision making, memory, attention and emotion regulation (Weil
et al., 2016). These aspects of neuropsychological functioning are thought to be driven by
neural activity in the frontal, temporal, striatal, and limbic areas of the brain.
Additionally, various behavioral changes are shared characteristics of alcohol misuse and
TBI including impulsivity, reward sensitivity, changes in motivation, increased negative
affect, and difficulties with emotion regulation. Lastly, the effects of TBI and alcohol
misuse have been found to be worse when experienced during adolescence/young
adulthood while process of neurodevelopment are underway.
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It is important to note that it is unlikely a single mechanism could explain the comorbidity of TBI and alcohol misuse. Rather, a more complex model is required to
explain these observed overlapping characteristics both alcohol use disorders and TBI.
For example, inflammation and DA functioning are closely linked (Felger & Miller,
2012), DA is closely linked to attention, memory and executive functioning, and
neuropsychological functioning is related to one’s everyday behaviors, decision making
and ability to regulate emotions.
Limitations of Alcohol and TBI Literature.
Though the interest in and research on alcohol misuse and TBI has increased
substantially in the past decade, the extant research in this area has various limitations.
First, our understanding of the relationship between alcohol misuse and TBI has
historically been skewed to specific groups within each condition’s severity spectrum.
Specifically, majority of early studies examined this relationship in the context of
moderate to severe TBI. On one hand, this focus on more severe injuries makes sense, as
many TBIs involving alcohol occur in motor vehicle accidents, which are highly likely to
result in a moderate/severe TBI and majority of the early studies investigating this
connection between TBI and alcohol use were observational and utilized retrospective
review of hospital records. As most mild TBIs do not require prolonged hospitalization,
the methods of these studies resulted in an understanding of the relationship between
alcohol use and moderate-severe TBI. Though not necessarily problematic at first glance,
this limitation is significant considering 70-90% of all TBIs sustained are mild, and
across all injury severity types, over half of TBIs involve alcohol. For example, the
common finding that alcohol use decreases in the first year post-injury largely due to
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hospitalization, decreased functional ability, and acute factors (Kreutzer et al., 1990) may
not hold true following an mTBI.
A second and similar limitation is that these early studies were also primarily
comprised of individuals with severe alcohol use disorders (previously referred to as
alcohol dependence or alcoholism in the fourth edition of Diagnostic and Statistical
Manual of Mental Disorders). Similar to milder injuries accounting for the majority of
TBIs sustained, mild AUDs (including binge drinking with negative functional
consequences) are more common than moderate to severe AUDs (Grant et al., 2015).
Therefore, mild AUDs or binge drinking after TBI is less well understood than severe
AUDs. The impact of TBI on alcohol consumption outside of severe AUDs is not yet
established.
As previously summarized, research has identified shared biological,
neuropsychological, and behavioral characteristics between alcohol misuse and TBI.
Despite these shared characteristics, extant research has focused on the study of one of
these characteristic types (biological, neuropsychological, or behavioral), and do not tend
to examine how these different characteristics may interact within a given sample of
individuals with and without TBI. Though research shows that individuals who engage in
binge drinking are at higher risk for sustaining a TBI compared to those who engage in
chronic heavy alcohol use (Corrigan et al., 2013), TBI not been explicitly examined in
samples of binge drinkers. Relatedly, this connection between alcohol misuse and TBI
has not been well studied in college students, despite the high prevalence of alcohol
misuse (particularly binge drinking) in college students (National Institute on Alcohol
Abuse and Alcoholism, 2017) during a period of continued frontal lobe development for
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students under 25 years old. One recent study examined the association between
concussion/mTBI history and alcohol use in a sample of college athletes and non-athletes
and found that having previously sustained a concussion was associated with increased
reported alcohol consumption compared to those without concussion history, even when
controlling for athlete status (Alcock et al., 2018).
Further, though neuropsychological functioning has been proposed as a potential
mechanism underlying the relationship between TBI and alcohol use, research directly
testing this relationship is scant. As neuropsychological functioning impacts daily
decision-making, this is an important but understudied area. For example, one recent
study found that individuals with low baseline levels of executive functioning drank more
alcohol when in a state of cognitive depletion. However, this increased alcohol use was
not observed in individuals with high baseline levels of executive functioning (Looby et
al., 2018). These types of study designs connecting cognitive states, levels of
neuropsychological functioning, and alcohol use would be similarly helpful in
understanding the complexities of the TBI and alcohol use relationship.
Current Study
Considering the aforementioned limitations of extant research in TBI and alcohol
misuse, the present study aimed to examine how TBI history (specifically injuries
sustained during adolescence or young adulthood) predicts the following: 1) post-injury
alcohol use; 2) self-reported impulsivity and risk-taking behaviors; 3) in-lab behavioral
risk taking; and 4) in-lab alcohol demand in a sample of students who engage in binge
drinking. The study also aimed to examine how neuropsychological functioning may
mediate these relationships and further, and how a state of induced cognitive depletion
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may interact with TBI history to impact these outcomes. Lastly, the study also aimed to
explore gender differences in these relationships. Following is a discussion of the
theoretical and empirical underpinnings of the study, as well as the aims and hypotheses
of the project.
Self-medication Hypothesis. The self-medication hypothesis has been proposed
as a unifying theory to explain the co-occurrence of alcohol and TBI (Weil et al., 2016).
When applied to adult populations with co-morbid psychological conditions (e.g., PTSD)
and patterns of chronic heavy alcohol use, this model may be useful as it identifies
underlying distress (due to co-morbid psychological symptoms or due to lasting
symptoms of TBI) as a driver of alcohol consumption to reduce such distress. However,
as pertinent to the proposed project, self-medication doesn’t seem to fit the particular subpopulation of college-aged drinkers with history of TBI. First, Weil and colleagues
(2016) note that no study has found that TBI survivors self-report using alcohol to cope
with affect or TBI symptoms. Further, the particular phenomenon of college aged
drinkers engaging in high-risk activities with high base rates of impulsivity seems to be
better explained by a developmental model incorporating neurobiological,
neuropsychological, and behavioral commonalities of alcohol misuse and TBI. Such a
model is proposed below.
Dual Process Theory. The previous sections reviewed the etiology of alcohol
misuse, traumatic brain injury, and their co-occurrence. As outlined above, alcohol
misuse and TBI share a variety of sequelae. These include: altered brain activity in
frontal, temporal, parietal, and limbic regions (observable using neuroimaging
techniques); dysregulation of midbrain dopamine systems; accompanied
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neuropsychological deficits in learning, memory, executive functioning, and attention;
increased impulsivity/risk-taking and compromised emotional regulation; and worse
outcomes observed with earlier age of onset (of first drink or of injury).
Dual process (also referred to as dual systems) theories were first proposed in the
developmental literature to explain adolescent risk taking and decision making in a
framework unifying behavioral and neurobiological factors (Steinberg, 2010). The dual
systems theory of adolescent risk-taking proposes that risky behavior is moderated by the
activity of two systems: first, an automatic, affective system composed of emotional
circuits in the brain and second, a cognitive control system composed of frontal, parietal,
and midbrain circuits. The developmental literature has extensively described the
increase in risk-taking behaviors that occurs during adolescence. This theory explains this
increase in risk-taking as a product of over-activation in limbic/affective systems during
puberty before the executive/control systems fully develop. This imbalance between the
two systems, according to the theory, results in increased risk-taking/impulsivity as well
as increased reward seeking (as this process is thought to be driven by dopaminergic
activity) (Steinberg, 2010).

*Figure 1.1. Dual process model of risk taking
from Romer et al., 2017
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This theoretical framework has since been applied to other phenomena in which
an imbalance between impulsive response to reward and decreased effortful control is
observed. Two areas of particular relevance to the present project are alcohol addiction
(Stacy & Wiers, 2010) and more recently binge drinking (Severine Lannoy et al., 2014).
When utilized to understand alcohol misuse the theory conceptualizes two processes as
follows: first, a relatively automatic appetitive/impulsive process and second, a
controlled/reflective process. Within the context of alcohol use disorder or addiction,
Stacy & Wiers (2010) note that the imbalance between these two processes (a stronger
automatic, appetitive/impulsive drive in combination with weaker controlled/reflected
process) results in increased alcohol-seeking, alcohol-related risk taking and impulsivity,
and eventually compulsive alcohol use. As applied to binge drinking, Severine Lannoy
and colleagues (2014), note that these same system imbalances are present in binge
drinkers, but to a less severe extent. This is consistent with a continuum theory of alcohol
use disorders in which binge drinking exists as a less severe pattern of alcohol use along a
shared continuum with alcohol addiction/dependence.
The present project uses this dual process model as a theoretical backdrop and
extends it by including history of TBI as another factor impacting the two dual processes
in the same manner as alcohol misuse. The present modified dual process theory allows
for integration of the following factors: ongoing neurodevelopment in college students
under 25, neuropsychological and behavioral characteristics of alcohol misuse, and
neuropsychological and behavioral characteristics of TBI. The present study’s adaptation
of the dual process theory considers neurodevelopmental factors (limbic/automatic
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affective circuits are expected to be more mature than frontal/control systems), and also
expects that further imbalance between these systems will occur due to alcohol misuse
and TBI, and will result in more pronounced neuropsychological and behavioral changes
such as decreased executive control and associated increased impulsivity and risk-taking.
Thus, the present model views the addition of either TBI, alcohol use, or both cooccurring as vulnerability factors for future problems with risk-taking/impulsivity as well
as future alcohol-related problems.
Further, the present study aimed to test this model experimentally by using a
cognitive control depletion laboratory paradigm. Utilizing this paradigm allows for
temporary manipulation of participants’ level of cognitive control by randomly assigning
participants (TBI and non-TBI) to either an active or placebo condition and examine how
this temporary depletion impacts performance on a task of behavioral impulsivity and a
task of alcohol demand. In the present study, cognitive control was depleted via use of a
challenging 3-back task, wherein participants must hold a series of numbers in their
working memory and respond to the present stimuli by using this information while also
inhibiting a response to incorrect answers. The task (including the placebo condition) are
described further in the methods chapter. This manipulation was utilized to test the nature
of the relationship between TBI and alcohol beyond its associative relationship described
in depth in prior literature, and to test whether individuals with a TBI history may be
more sensitive to depletion states and if this indeed impacts their decision-making in real
time.
Preliminary support for the proposed dual process theory is presented next. First,
as the frontal lobes don’t fully mature until the mid-twenties, college age individuals are
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already at greater risk for weaker executive control than those who are older than 25.
Second, studies using this dual process model note that a central tenet of the dual process
model is that the impact of automatic/impulsive processes on behavior should be more
pronounced in those with existing weak executive control (Houben & Wiers, 2009; Wiers
et al., 2009). This tenet provides preliminary support for the proposed dual process
model, suggesting that having a history of TBI should theoretically result in a greater
vulnerability to automatic/impulsive processes, eventually resulting in greater post-injury
alcohol use. Further, research has found that those who display weaker executive control
are more substantially impacted by automatic/implicit associations of alcohol-related
stimuli, resulting in greater reported alcohol consumption (Lavigne et al., 2017). This
finding supports the proposed model as TBI has been shown to compromise executive
control and thus may presumably result in increased automatic/implicit responding to
alcohol-related stimuli. Perhaps most importantly, recent research investigating another
aspect of the appetitive/automatic process (approach/avoidance bias) has found that
veterans with co-occurring alcohol use disorders and history of mTBI show a pronounced
approach bias to alcohol-specific visual cues compared to those with only mTBI history
or AUDs (Schmidt et al., 2017). This research provides preliminary support for the
proposed dual process model of alcohol and TBI history. The next section presents the
aims and hypotheses of the present project.
Summary and Description of Current Study
The purpose of the current study was to examine how TBI history (specifically
injuries sustained during adolescence or young adulthood) predicts the following: 1) postinjury alcohol use; 2) self-reported impulsivity and risk-taking behaviors; 3) in-lab
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behavioral risk taking; and 4) in-lab behavioral alcohol demand in a sample of students
who engage in binge drinking. The study also aimed to examine how neuropsychological
functioning may mediate these relationships and further, how a state of induced cognitive
depletion may interact with TBI history to impact these outcomes. Lastly, the study also
aimed to explore gender differences in these relationships.
Study Aims
Aim 1: Examine the impact of TBI sustained in adolescence/early adulthood on selfreported alcohol consumption and alcohol-related consequences. Hypothesis 1. It is
hypothesized that history of TBI in adolescence/early adulthood will predict greater postinjury alcohol use and increased post-injury alcohol-related negative consequences in
college students.
Aim 2. Analyze how executive functioning relates to TBI history and self-reported
alcohol consumption/alcohol-related consequences. Hypothesis 2a: It is hypothesized that
decreased executive functioning (as determined by scores on standardized
neuropsychological tasks) will explain the relationship between prior TBI and post-injury
alcohol consumption/alcohol-related consequences. Hypothesis 2b: It is hypothesized that
decreased executive functioning (as determined by scores on standardized
neuropsychological tasks) will explain the relationship between prior TBI and selfreported risk-taking/impulsivity.
Aim 3. Test how TBI history impacts behavioral risk-taking and in-lab alcohol demand
and how a working memory depletion induction impacts this relationship. Hypothesis 3a:
1) Positive TBI history will predict increased behavioral risk-taking; 2) working memory
depletion condition (0-back vs. 3-back) will moderate this relationship such that

42
individuals in the 3-back/active condition will demonstrate a stronger relationship
between TBI history and behavioral risk-taking than individuals in the 0-back/placebo
condition. Hypothesis 3b: 1) Positive TBI history will predict increased in-lab alcohol
demand; 2) working memory depletion condition (0-back vs. 3-back) will moderate this
relationship such that individuals in the 3-back/active condition will demonstrate a
stronger relationship between TBI history and alcohol demand than individuals in the 0back/placebo condition.
Exploratory Aims 1 & 2: Determine whether age of first drink and age of TBI impact the
relationship between TBI history and alcohol use/alcohol-related consequences.
Exploratory hypothesis 1: It is hypothesized that age of first drink will impact the
relationship between TBI history and post-injury alcohol consumption/alcohol-related
consequences. Specifically, it is predicted that younger age of first drink will predict a
stronger relationship between history of TBI and post-injury alcohol
consumption/alcohol-related consequences. Exploratory hypothesis 2: It is hypothesized
that age of TBI will impact the relationship between TBI history and post-injury alcohol
consumption/alcohol-related consequences. Specifically, it is predicted that younger age
of TBI will significantly predict greater post-injury alcohol consumption/alcohol-related
consequences.
Exploratory Aim 3: Investigate gender differences in the relationship between TBI
history and post-injury alcohol use/alcohol-related consequences. Exploratory Hypothesis
3: It is hypothesized that gender with differentially affect the relationship between TBI
history and post-injury alcohol consumption/alcohol-related consequences. Given the
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lack of research into gender differences in the TBI/alcohol co-occurrence, the
directionality of this hypothesized relationship is unknown.
CHAPTER 2: METHOD
Power analysis
Effect size estimates in the TBI and co-occurring alcohol use literature are
variable, somewhat due to various methods and selected specific variables of foci.
However, an aforementioned study demonstrated a medium effect size (d = .703) of TBI
history on self-reported alcohol consumption in college students when controlling for
athlete status (Alcock et al., 2018). Also related to the present project, a study examined
the impact of induced working memory depletion on in-laboratory alcohol consumption
and found a large effect side (d = 1.404) of working memory depletion on alcohol
consumed in participants with lower baseline executive functioning (Looby et al., 2018).
Given that this study was a novel investigation and assessed neuropsychological
functioning and behavior related to past injuries, an effect size of (d=.3) was used to
estimate the necessary sample size conservatively. A power analysis was conducted using
the statistical software G*Power 3 (F. Faul et al., 2007) to determine the necessary
sample size needed to detect proposed effects. Linear multiple regression G-Power
analyses with a preset statistical significance at 0.05, power of .80, and up to five
predictors in the model indicated an optimal total sample size of 92 participants.
Participants, Selection Criteria, and Recruitment
Participants (N=93) were recruited from undergraduate psychology classes and
flyers posted at a large public Midwestern University. To be eligible for participation,
participants were required to be between the ages of 17-25 (to target individuals with
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ongoing frontal neurodevelopment), must have attended the Midwestern University,
indicated that they consume alcohol at least on a weekly basis, and had engaged in binge
drinking within the last month (prior to study registration). Consistent with
recommendations by Wechsler and Nelson (2008), binge drinking was defined on the
study description as five or more consecutive drinks for males or four or more
consecutive drinks for females in one sitting in the month preceding study participation.
Participants were excluded if they indicated that either of their biological parents had a
known AUD as this has been found to impact alcohol consumption and response to
alcohol-specific information (Dager et al., 2013) and could act to confound the variables
of interest in the proposed study. Regarding TBI history, participants were included if
they denied TBI history or reported a TBI/concussion during high school or college.
Individuals were excluded if they endorsed a TBI in the past ten days (the present study
was not designed to study the acute effects of TBI) or a TBI prior to high school (in an
effort to decrease variability in TBIs). Lastly, participants were included if they denied
current or prior neurological disorders other than TBI, attention deficit hyperactivity
disorder (ADHD)/attention deficit disorder (ADD), and learning disorders.
Approximately seven months into data collection, university IRB approved a
change to our exclusion criteria. As the study aimed to examine gender differences in the
TBI/alcohol misuse relationship, we hoped to enroll similar numbers of males and
females with and without TBIs in the study. At this time, we had reached our target
number of female participants without TBI (N=27, 27% of our target total sample of
N=100). Thus, from this point forward in recruitment, females without TBI were
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excluded from the study. All other study inclusion/exclusion criteria remained the same
throughout the study’s recruitment period.
Study recruitment was conducted through flyers posted on campus and the SONA
experiment recruitment system. SONA hosts study information and awards course credit
for participation in research. The study information included a short description of the
study and instructions on how to request to participate in the study. Individuals who
requested to participate in the study (via SONA or flyer) were instructed to send an email
to the study’s email address. Participants coordinated with study team members to
schedule a phone screen and eligibility was determined through the phone screen.
206 individuals indicated interest in the study by sending an email regarding
participating in the study. Of the 206 individuals, 33 did not respond to follow-up
correspondence about completing the phone screen, resulting in 173 people being
assessed for study eligibility via the phone screen. Of these 173 individuals that
completed the phone screen, 100 were determined to be eligible to participate in the
study. See consort diagram (Figure 2.1) for more detailed information on individuals
excluded from the study. Of the 100 eligible individuals, seven decided not to participate
in the study prior to study session, leaving 93 participants who completed the study. Four
fidelity checks were embedded in the self-report measures and one neuropsychological
assessment. Participants’ responses on fidelity checks were examined and a participant
was removed from analysis if they failed more than one. The final sample in the study
was 93 college students (N = 93; Mage = 20.0, SD = 1.59). The age of majority in the
study’s state is nineteen, so parental consent with participant assent was be utilized for
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participants under 19. Participants were predominantly white (72.0%) and male (52.7%)
(Table 2.1).
Table 2.1.
Demographics by N-Back Depletion Condition
0-back
3-back
(n=45)
(n=48)
n (%)
n (%)
Age (M (SD))
20.15 (1.58)
19.94 (1.61)
Gender
Male
25 (51.0)
24 (49.0)
Female
21 (47.7)
23 (52.3)
Year in College
1st year
11 (37.9)
18 (62.1)
nd
2 year
13 (65.0)
7 (35.0)
3rd year
11 (37.9)
8 (42.1)
4th year
10 (43.5)
13 (56.5)
th
5 year/graduate
1 (50.0)
1 (50.0)
student
Race
Black/African
2 (50.0)
2 (50.0)
American
Asian
4 (44.4)
5 (55.6)
Latinx
8 (72.7)
3 (27.3)
Mixed Race
1 (50.0)
1 (50.0)
White
31 (46.3)
36 (53.7)
Greek/Sorority/Fraternity
Status
Greek
17 (37.8)
28 (62.2)
Non-Greek
28 (59.6)
19 (40.4)
Prior TBI
Yes
18 (42.9)
24 (57.1)
No
28 (54.9)
23 (45.1)

Overall
(N=93)
n (%)
20.04 (1.59)
49 (52.7)
44 (47.3)
29 (31.2)
20 (21.5)
19 (20.4)
23 (24.7)
2 (2.2)

4 (4.3)
9 (9.7)
11 (11.8)
2 (2.2)
67 (72.0)

45 (48.4)
47 (50.5)
42 (45.2)
51 (54.8)

Note. Not all percentages equal 100 as some participants choose “I’d rather not answer for some items.”
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Figure 2.1. Consort Table
Recruitment
Emailed with interest in the study
(n= 206)
Did not complete phone screen
(n= 33)
Unable to contact (n= 22)
No longer interested (n= 11)
Completed phone screen (n= 173)
Ineligible (n= 73)
No recent binge drinking (n= 21)
Parent with AUD (n= 15)
TBI in childhood (n= 7)
ADHD/LD/Neurological (n= 4)
Over 25 years old (n= 2)
Female without TBI (n= 22)
No longer interested (n= 2)
Eligible (n=100)
Chose to not participate (n=7)
No longer needed participation
credits (n= 2)
Minor that did not want parent
to provide consent (n= 2)
No-showed session (n= 3)

Enrollment

Consented to participate, completed study
session (n=93)

Depletion
Randomization
0-back/Placebo (n= 45)

3-back/Active (n=48)

Analysis
Analyzed (n= 45; 0 excluded from
analysis from fidelity checks)

Analyzed (n= 48; 0 excluded from
analysis from fidelity checks)

48

Study Variables
The independent variable under study was history of TBI. The dependent
variables included: 1) self-reported alcohol use and alcohol-related negative
consequences; 2) self-reported impulsivity and risk-taking; 3) in-laboratory behavioral
risk-taking; and 4) in-laboratory alcohol demand, as determined by responses on the
Alcohol Purchase Task. Mediating variables under investigation were scores on several
standardized tasks of executive functioning. The moderating variable under examination
was N-back task condition. Age of first drink, age of first TBI, and gender were tested as
moderating variables in exploratory analyses.
Assessment Procedures
Various methods were utilized to assess variables of interest. The domains
assessed to test primary and exploratory analyses included demographics, TBI history,
alcohol use and alcohol-related consequences, risk taking and impulsivity, alcohol
demand, and executive functioning. Domains assessed for potential covariates were other
substance use, TBI-related symptoms, psychological symptoms, neuropsychological
functioning (attention and verbal learning/memory), and abbreviated intellectual
functioning. Study measures are included in the appendix when copyright allows.
Descriptions of questions and/or example statements are provided for measures that
cannot be shared in their entirety due to copyright. All study-related assessments were
collected at the in-person study session. Computerized decision-making tasks were
completed on a laboratory computer, self-report questionnaires were completed on the
same computer online through Qualtrics.com, and neuropsychological tasks were
completed face-to-face with the investigator.
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Table 2.2. Study measures across domains

Domain Assessed

Measure Name

Demographic Info
TBI measures

Demographics Form
Ohio State University TBI Identification Method (OSU-TBI)
The Rivermead Post-Concussion Symptoms Questionnaire (RPQ)
Neurobehavioral Symptom Inventory (NSI)
Alcohol Use Disorders Identification Test (AUDIT)
Rutgers Alcohol Problem Index (RAPI)
Drug Abuse Screening Test-10 (DAST-10)
Alcohol Purchase Task (APT)
The Barratt Impulsiveness Scale-11 (BIS-11)
Short Urgency, Premeditation, Perseverance, Sensation Seeking,
Positive Urgency (SUPPS-P)
Domain-Specific Risk Taking Scale (DOSPERT)
The Balloon Analogue Risk Task (BART)
Profile of Mood States (POMS)
Positive and Negative Affect Schedule (PANAS)
PTSD Checklist-for DSM 5 (PCL-5)
Delis-Kaplan Executive Function System (D-KEFS) Color-Word
Interference Test, Subtests/Trials 1-4
D-KEFS Trail Making Test, Subtests/Trials 2-4
Wisconsin Card Sorting Test (WCST)
California Verbal Learning Test-II (CVLT-II)

Post- Injury Alcohol &
Substance Use

Impulsivity/Risk-Taking

Psychological Symptoms
Neuropsychological –
Executive Functioning
Neuropsychological –
Learning & Memory
Neuropsychological –
Attention
Neuropsychological –
Intelligence
Working Memory Depletion

Wechsler Adult Intelligence Scale-IV (WAIS-IV), Digit Span
Wechsler Abbreviated Scale of Intelligence-II (WASI-II)
N-back test (3-back = active; 0-back = placebo)

Measures
Demographic information. Demographic information collected included
participants’ age, gender identity, race, academic year, major, and
Greek/Sorority/Fraternity membership status.
TBI-related measures. Ohio State University TBI Identification Method (OSU
TBI-ID; Corrigan & Bogner, 2007). The OSU TBI-ID was developed as a semistructured interview designed to assess lifetime history of TBI. The measure takes
approximately three to five minutes to complete and elicits information about lifetime
injuries to the head and neck first, and then assesses cause of injury, loss of or altered
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consciousness, age at time of injury, and allows for recording multiple injuries across the
lifetime. The OSU TBI-ID has been found to be a valid measure for determining lifetime
TBI history across multiple samples (Bogner & Corrigan, 2009; Corrigan & Bogner,
2007) including individuals with substance use disorders (Corrigan et al., 2012). It has
demonstrated good inter-rater and test/re-test reliability (Bogner & Corrigan, 2009;
Corrigan & Bogner, 2007) and shown good predictive validity with indices of cognitive
performance, affective symptoms and interpersonal functioning (Corrigan et al., 2012,
2013; Dams-O’Connor et al., 2013). The OSU TBI-ID was utilized to determine lifetime
history of TBI (study condition of TBI history vs. no TBI history).
The Rivermead Post-Concussion Symptoms Questionnaire (RPQ; King et al.,
1995). The RPQ is an 18-item self-report measure of the sequelae of mTBI or
concussion. The items are rated on a 0-4 Likert scale of how much of a problem each
symptom causes the respondent compared to before the injury ranging from “not
experienced at all” to “a severe problem.” The items fall into three separate factors:
cognitive, emotional, and somatic (Potter et al., 2006). The RPQ has demonstrated good
reliability (King et al., 1995), adequate external construct validity (Eyres et al., 2005) and
utility in predicting outcomes in patients with mTBI (De Guise et al., 2016). The RPQ
was used to assess current symptoms related to TBI and was investigated as a potential
covariate in analyses.
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). The NSI18 is an 18-item self-report measure of severity of neurobehavioral symptoms, many of
which may occur following TBI. Each of the 22 items are a specific symptom and the
respondent rates the frequency/severity of each item on a 0-4 Likert scale with responses
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ranging from “0 = None, rarely if ever present; not a problem at all” to “4 = Very severe,
almost always present and I have been unable to perform at work, school or home due to
this problem, I probably cannot function without help. The NSI has shown good
reliability and validity in differentiating between TBI and non-TBI (King et al., 2012).
The NSI was used to measure current symptoms related to TBI and investigated as a
potential covariate in analyses.
Collinearity of TBI measures. Bivariate relationships between the aforementioned
measures were examined. As expected, individuals with TBI history tended to score
higher on the RPQ and NSI. However, correlations across all measures remained below
0.70. Thus, data aggregation was not deemed necessary for TBI measures.
Substance use measures. Alcohol Use Disorders Identification Test (AUDIT;
Babor et al., 2001; Saunders et al., 1993). The AUDIT is a 10-item self-report measure
designed to screen for problematic alcohol use. Items are rated on a five-point Likert
scale with the items reflecting frequency of behaviors (ranging from “0=Never” to
“4=Daily or almost daily”), quantity of drinks (ranging from “0=1-2 drinks” to “4=10+
drinks”), and occurrence of certain events in the past year (“0=No”, “2=Yes, but not in
the last year”, or “4=Yes, during the last year”). All of the answers are totaled for a total
score ranging from 0-40. The AUDIT has demonstrated good internal consistency
(Fleming et al., 1991; Kokotailo et al., 2004; Shields et al., 2004), and good test-retest
reliability (Reinert & Allen, 2002). Recent research suggests a two-factor structure of
alcohol consumption and alcohol-related consequences (Doyle et al., 2007). The AUDIT
total score was utilized in the present study to quantify post-injury alcohol consumption.
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Rutgers Alcohol Problem Index (RAPI; White & Labouvie, 1989). The RAPI is a
23-item self-report assessment of frequency of alcohol-related negative consequences
over time. The RAPI has demonstrated good test-retest reliability (Miller et al., 2002) and
has demonstrated good reliability and validity for identifying college students with
alcohol-related problems (Martens et al., 2007). Further, the RAPI has been used as a
measure of treatment outcome for college students with alcohol problems (Herschl et al.,
2012). The present study utilizes the RAPI total score to measure post-injury alcoholrelated consequences.
Drug Abuse Screening Test-10 (DAST-10; Bohn et al., 1991; Gavin et al., 1989;
Skinner, 1982). The DAST-10 is a 10-item self-report measure commonly used across
different populations to screen for problematic substance use other than alcohol. The ten
items are answered with either “yes” or “no” and directs the respondent to answer to the
term “drugs” as it applies to any non-medical use of substances including cannabis,
solvents, tranquilizers, barbiturates, cocaine, stimulants, hallucinogens, or narcotics. The
questions do not apply to alcohol or tobacco. Each item results in a score of zero or one
and a total score is derived from the sum of all items. One study (Yudko et al., 2007)
found that the ten-item DAST had good internal consistency, satisfactory test-retest
reliability, has high face validity, good criterion validity, and adequate discriminative
validity and recommends this tool for use as a brief screener of substance misuse. Thus,
this measure was utilized to screen for other non-alcohol post-injury substance use as a
potential covariate in analyses.
Collinearity of substance use measures. Bivariate relationships between the
aforementioned measures were examined. However, correlations across all measures
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remained below 0.70. Thus, data aggregation was not deemed necessary for substance
use measures.
Impulsivity and risk-taking measures. The Barratt Impulsiveness Scale-11
(BIS-11; Barratt, 1959; Patton et al., 1995) is the eleventh version of the BIS and is one
of the most widely used self-report measures of impulsivity in psychiatric and
psychological research (Stanford et al., 2009). It is composed of 30 self-report items
assessing trait impulsivity. Respondents rate each item on a Likert scale of frequency
ranging from “1=rarely/never” to “4=almost always/always”. The BIS-11 has
demonstrated good validity and acceptable to good internal consistency across diverse
samples (Vasconcelos et al., 2012).Items were originally found to load onto a three-factor
structure representing the domains of attentional, motor, and non-planning impulsiveness
(Patton et al., 1995) though a more recently published systematic review challenges the
evidence for this factor structure (Vasconcelos et al., 2012). Considering these findings,
the total BIS-11 score only will be used as one measure of self-reported impulsivity in
analyses. Though this measure is still used in contemporary psychological research, a
second measure of impulsivity was also included and is described next.
Short Urgency, Premeditation, Perseverance, Sensation Seeking, Positive
Urgency (S-UPPS-P; Cyders et al., 2014; Lynam et al., 2006; Whiteside & Lynam,
2001). Though the previously reviewed BIS-11 has been in use for over fifty years,
researchers have discussed how the measure is limited in its conceptualization of
impulsivity. The UPPS-P was developed partly in response to this problem. The SUPPSP is a shortened version of the UPPS-P. The SUPPS-P is an impulsivity self-report
measure with a multidimensional conceptualization of the different facets of impulsivity,
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including sensation seeking, lack of premeditation, lack of perseverance, negative
urgency and positive urgency. As the original UPPS-P had 59 items, it required
approximately fifteen minutes to complete. Thus, the SUPPS-P was created and consists
of 20 items, takes just over five minutes to complete, and retains the original measure’s
levels of internal consistency, inter-scale correlations, five factor structure, and
relationships to outcomes (Cyders et al., 2014). The respondent rates each item on a fourpoint Likert scale ranging from “1=Strongly agree” to “4=Strongly disagree.” A total
score is derived with higher values indicating higher impulsivity and subscale scores are
similarly derived. The S-UPPS-P served as a second measure of self-reported
impulsivity.
Domain-Specific Risk Taking (Adult) Scale (DOSPERT; Blais & Weber, 2006;
Weber et al., 2002). The DOSPERT is a self-report measure of likelihood for risk taking
as well as risk perception. Risk-taking has been most extensively studied in behavioral
and neuropsychological tasks with less face validity in order to prioritize the assessment
of risk-taking behavior and risky decision making. However, many real-world situations
that pose risks (ethical decisions, risky sex, financial risk, social risk and recreational
risk) are not included in such laboratory tasks. The first thirty items of the DOSPERT
measure self-reported likelihood for engaging in risk-taking behaviors (items are rated on
a seven-point Likert scale ranging from “1=extremely unlikely” to “7=extremely likely.”
The same thirty items are then assessed for how risky the respondents perceive them to
be on a seven-point Likert scale (with responses ranging from “1=Not at all risky” to
“7=Extremely risky”). As a whole, this measure has shown adequate internal consistency,
moderate test-retest reliability, and convergent validity of the risk-taking self-report with
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a behavioral gambling task of risk (Weber et al., 2002). Considering the similarities
between the risk-taking questions of the DOSPERT with the other impulsivity measures
in this study, only the DOSPERT risk perception questions were used to examine risk
perception.
Collinearity of impulsivity/risk-taking measures. Bivariate relationships between
the aforementioned measures were examined. However, correlations across all measures
remained below 0.70. Thus, data aggregation was not deemed necessary for
impulsivity/risk-taking measures.
Psychological symptom and mood measures. The Profile of Mood States
(POMS; McNair et al., 1971) is a 65-item self-report measure designed to assess present
mood states across six subscales (tension, depression, anger, vigor, fatigue, and
confusion) as well as a total mood disturbance score. Higher scores on the POMS total
scale and subscales indicate higher levels of psychological symptoms. The POMS has
demonstrated good validity, reliability, and consistency (McNair et al., 1971; Norcross et
al., 1984) across different populations including college students (Nyenhuis et al., 1999)
and has been used TBI samples (Castriotta et al., 2009). This measure was examined as a
potential covariate in the study’s models.
The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) is a 20item self-report measure assessing positive affect and negative affect. The respondent
rates how often they’ve experienced each feeling/emotion in the past week on a fivepoint Likert scale with responses ranging from “1=Very slightly or not at all” to
“5=Extremely.” Research demonstrates that the PANAS is a reliable and valid measure
of both positive and negative affect (Crawford & Henry, 2004) with high internal
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consistency and adequate convergent and discriminant validity (Watson et al., 1988). The
negative affect and positive affect total scores were tested as potential covariates in
analytic models.
The PTSD Checklist-for DSM 5 (PCL-5; Weathers et al., 2013) is a self-report
measure of the DSM-5 symptoms of PTSD. The PCL-5 is used across civilian, military
and other populations as the instructions describe that the items refer to “a list of
problems that people sometimes have in response to a very stressful experience.”
Respondents then rate each potential experience on a 5-point Likert scale of frequency
(ranging from “0=not at all” to “4=extremely”). The PCL-5 has demonstrated sound
psychometric properties in samples of trauma-exposed college students, veterans, and
military service members, including strong internal consistency, test-retest reliability, and
both convergent and discriminant validity (Bovin et al., 2016; Wortmann et al., 2016).
Recent research investigating the relationship between mTBI and alcohol use in veteran
samples has emphasized the inclusion of PTSD symptoms as a covariate in analyses of
the mTBI and alcohol use relationship (Sayko Adams et al., 2016). Thus, the total PCL-5
score was tested as a potential covariate in analyses.
Collinearity of psychological symptom/mood measures. Bivariate relationships
between the aforementioned measures were examined. However, correlations across all
measures remained below 0.70. Thus, data aggregation was not deemed necessary for
psychological symptom/mood measures.
Neuropsychological assessment measures of executive functioning. The DelisKaplan Executive Function System Color-Word Interference Test (D-KEFS Color Word;
Delis et al., 2001) is a version of the traditional Stroop task (Stroop, 1935). Stroop tasks
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and the D-KEFS Color Word Interference Test measure response inhibition during a
speeded task. The DKEFS task consists of four subtests (described as “trials” by the test
publishers). The first two establish the respondent’s verbal naming speed (how quickly
they can name blots of color) and reading speed (how quickly they can read a series of
non-colored words). The third subtest/trial assesses the traditional Stroop effect in which
the respondent is required to respond with the printed color of the word, not read the
word itself as these two characteristics do not match. The respondent is instructed to go
as quickly as possible without skipping any or making mistakes. On the final subtest/trial,
the respondent is required to respond to some of the items in the same manner as on
subtest/trial 3, however, in items that are marked differently, they are instructed to read
the word instead of saying the color, requiring both an inhibitory and switching response.
The D-KEFS color word interference test measures response inhibition (conceptually the
opposite of impulsivity) and in the final subtest/trial, maintenance of inhibition with an
added switching component. This measure results in a total response time for each
subtest/trial as well as a total error score for each subtest/trial.
Norms from ages 8-89 are provided for all D-KEFS measures, making it useful
across many different age groups as well as referral questions in clinical settings.
Through the process of test development and norm creation, this measure (along with
other D-KEFS measures) were examined extensively for validity and reliability. These
studies indicated that the D-KEFS tests are valid and reliable for use in a variety of
populations (Delis et al., 2004). This test has been used frequently in studies of both TBI
(Ettenhofer & Abeles, 2009) and alcohol use disorders (Squeglia, et al., 2010) and is a
gold-standard measure of these specific executive functions in clinical neuropsychology.
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Standardized scores on the third and fourth subtests/trials were utilized as measures of
response inhibition and cognitive flexibility.
D-KEFS Trail Making Tests (D-KEFS TMT; Delis et al., 2001). The D-KEFS
TMT are another set of tasks from the D-KEFS battery. This measure was adapted from
the Partington’s Pathways Test (Partington & Leiter, 1949) which was later adopted and
incorporated into the Halstead Reitan Neuropsychological Test Battery as the Trail
Making Test (TMT; Reitan, 1959). The original version of this test consisted of two
“trials” or subtests (trial A and trial B) in which the first assessed visuomotor speed and
the second tested attentional switching and cognitive flexibility. In the first trial/subtest,
the respondent uses a pencil to trace a line between numbers in numerical order as
quickly as possible. The second trial presents the respondent with numbers and letters and
instructs the respondent to start with the first number, draw a line to the next letter, then
to the next number, and so on until the final number is reached. The D-KEFS TMT is
thought to provide meaningful improvements to the original TMT as it consists of five
total trials/subtests, allowing for better clarification of performance on the trails
trial/subtest requiring switching between letters and numbers (Baron, 2004). As
previously described, the D-KEFS measures have been found to have good validity and
reliability (Delis et al., 2004). The D-KEFS TMT has also been used in alcohol users
(Thoma et al., 2011) and individuals with TBI (Ghawami et al., 2017). Trials/subtests 2-4
were administered, with Trial/subtest 4 used as a measure of executive functioning
(specifically visuomotor switching).
Wisconsin Card Sorting Test (WCST; Grant & Berg, 1981; Heaton, 1981; Heaton
et al., 1993). The WCST (in its many iterations) has been utilized to study thinking
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processes since the early 1900’s. In the 1920s the task was applied to study cognition in
patients with brain damage and in 1948 was developed into a standardized test by Grant
and Berg. In the decades since its inception, the WCST has remained a standard
neuropsychological assessment of frontal lobe functioning, namely executive problem
solving, abstract reasoning, and cognitive flexibility (Eling et al., 2008). Within the task,
the respondent is presented with a number of stimulus cards. They are presented with a
stack of their own cards and are told to match the cards to one of the presented stimulus
cards. With each card placement, the respondent is given feedback of “correct” or
“incorrect” and are required to figure out the rules of the deck accordingly. The rule set
changes, requiring a change in response strategy in order to achieve the correct response.
The WCST has shown good validity and reliability across studies (Greve, 2001). As
alcohol and TBI have effects on decision making, the WCST has been used in both areas
(Day et al., 2015; Sherer et al., 2010). The present study utilized the WCST as a measure
of executive functioning, specifically cognitive flexibility.
Collinearity of executive functioning measures. Bivariate relationships between
the aforementioned measures were examined. However, correlations across all measures
remained below 0.70. Thus, data aggregation was not deemed necessary for executive
functioning measures.
Other neuropsychological measures. The California Verbal Learning Test,
Third Edition (CVLT-3; Delis et al., 2017) is one of the most widely utilized verbal
learning and memory tasks in clinical neuropsychology. It provides an assessment of
auditory verbal attention, learning, immediate recall, delayed recall, recognition after a
delay as well as an optional forced choice trial which can be used to assess valid
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responding. The task requires the respondent to listen to a series of words and repeat
them back to the assessor over five learning trials. An interference trial of new words is
presented once and the respondent is required to repeat back as many of those words as
possible. Next, the respondent’s memory of the initial learned words is assessed and then
is assessed further using categorical cueing (in order to provide the opportunity for
chunking memory strategy). After a 20-minute delay, the respondent’s memory for the
first list is assessed again, followed by a recognition trial. The CVLT-3 has demonstrated
good reliability and validity (Delis et al., 2017) and has been used by researchers and
clinicians as a measure of verbal learning and memory for decades (Kibby et al., 1998;
McKay et al., 2007; Woods et al., 2006). Since learning and memory are often impacted
by alcohol and TBI, the CVLT-3 was utilized to test verbal learning/memory across study
groups for use as a potential covariate in study models.
The Wechsler Adult Intelligence Scale-IV, Digit Span Subtest (WAIS-IV Digit
Span; Wechsler, 2008) is a series of three separate attention/working memory tasks with
established validity and reliability (Wechsler, 2008): digits forward, digits backward, and
digits sequencing. The first two (forward and backward) are most commonly used in
research and clinical neuropsychological assessments. The digits forward (DF) task
requires the respondent to attend a string of numbers presented and to then repeat the
string of digits back aloud. The strings of numbers get increasingly long as the task
continues. The digits backward (DB) task is completed in a similar format, with the
exception that the respondent is required to state the numbers in reverse order when they
respond. Digit span is generally described as an attention and working memory task,
though research suggests that DF is a measure of auditory short-term memory,
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sequencing, and verbal expression with DB measuring working memory more sensitively
(Hale et al., 2002). Considering that attention and working memory are often impacted by
alcohol use and TBI, WAIS-DSF & DSB was utilized to test for differences in attention
and working memory across study groups for use as a potential covariate.
The Wechsler Abbreviated Scale of Intelligence-II (WASI-II; Wechsler & Hsiaopin, 2011) is an abbreviated version of the Wechsler Adult Intelligence Scale. The twosubtest form, composed of the vocabulary and matrix reasoning subtests takes
approximately fifteen minutes to administer and provides a reliable and valid estimate of
general cognitive ability (Wechsler & Hsiao-pin, 2011). This measure is often used in
psychological and neuropsychological research to include estimated intellectual ability as
a main study variable or a covariate. The present study utilized this version as an estimate
of intellectual ability and examined this score as a potential control variable within
models.
Working memory depletion manipulation. The N-back (Gevins & Cutillo,
1993) task is designed to measure of working memory and sustained attention on a
continuous performance task. It requires the respondent to concentrate continuously to a
series of stimuli (typically numbers or letters) displayed on a screen. They are then
required to respond any time the stimulus matches a stimulus presented n trials before.
For example, in a 3-back variation, a participant would respond (with a mouse or button
click) if the present stimulus matched the stimulus presented three trials before. The 0back task (often used as a control condition compared to a 2- or 3-back task condition)
instead requires that the participant respond if the present stimulus matched the one that
was presented immediately before. Though the task has demonstrated questionable
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reliability and validity as a measure of working memory (Jaeggi et al., 2010), it has also
been used as an experimental manipulation of temporary working memory depletion
(Owen et al., 2005). One study (Looby et al., 2018) found that heavy drinking young
adults randomized to complete a 2-back task compared to a 0-back task consumed more
alcohol in a laboratory alcohol taste-testing paradigm. The present study utilized the same
methodology as Looby and colleagues (2018) for the working memory depletion
manipulation using the n-back task. The present study similarly utilizes the n-back task
(specifically the 0-back [for control] and 3-back [for active depletion] conditions) to test
the impact of working memory depletion on behavioral risk-taking and alcohol demand.
In-laboratory decision-making tasks. The Balloon Analogue Risk Task (BART;
Lejuez et al., 2002) is a computerized measure of risk-taking behavior. The BART was
created, in part, as a response to critiques of self-reported risk taking measures. Within
the BART, the respondent is provided the opportunity to earn money for each puff of air
pumped into a balloon. The larger a balloon becomes; the more money is available to be
earned. However, as the size of the balloon grows, the risk of it exploding also increases.
If the balloon explodes, the respondent loses all money earned on that specific balloon.
Respondents can avoid this outcome by “banking” the amount of money in a balloon
instead of inflating it, preventing the money from being lost. Thus, as in real-world
behavior, riskiness is rewarded up to certain point after which it results in greater losses.
The BART has demonstrated good construct and test-retest validity and test-retest
reliability (Hopko et al., 2006; White et al., 2008). Performance on the BART has been
found to predict real-world risk taking such as alcohol and substance consumption in
adults (Fernie et al., 2010; Hopko et al., 2006) and adolescents (Lejuez et al., 2003). The
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BART was utilized as the measure of behavioral risk-taking following the cognitive
depletion manipulation. Specifically, the average number of balloon pumps on each
balloon was utilized, as this specific metric relates to real-world risk taking and is often
utilized in studies using the BART (Lejuez et al., 2003).
The Alcohol Purchase Task (APT; Murphy & MacKillop, 2006) from the
behavioral economics literature, is an adaptation of the original heroin purchase task
(HPT; Jacobs & Bickel, 1999). The HPT was developed to understand the demand curve
of heroin amongst individuals addicted to heroin. Murphy & MacKillop (2006) extended
this paradigm into alcohol research by studying the demand curve for alcohol in people
with a range of different drinking habits. Their results showed that the alcohol demand,
breakpoint, and maximum amount of resources expended were highest among
participants who reported heavy drinking compared to those who reported light alcohol
consumption. The APT has demonstrated good validity and reliability (Murphy et al.,
2009) has been adapted and refined over time (Kaplan et al., 2017) and is now frequently
utilized in alcohol research to measure the behavioral economics (e.g., demand or
motivation) of alcohol across drinkers. The APT (using Kaplan et al., 2017’s instructions)
was used to study differential alcohol demand following cognitive depletion. Specifically,
breakpoint, intensity, Omax, and Pmax were examined as indices of alcohol demand.
From the raw data participants provided on the APT, four demand indices were
calculated: breakpoint (price at which the participant reported they would stop drinking),
intensity (how much a participant would drink when alcohol is free), Omax (maximum
expenditure), and Pmax (point at which demand switches from inelastic to elastic). Each
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of these demand indices was calculated using the Demand Curve Analyzer (Gilroy et al.,
2018).
Procedures
Study procedures are depicted in Figure 2.2. The present project was approved by
the university’s IRB.
Phone Screen. In order to determine study eligibility according to study inclusion
and exclusion criteria, potential participants were screened via a structured phone
interview (see Appendix). Participants deemed eligible based on this phone screen were
then scheduled to participate in the in-laboratory study session.
Laboratory Session. Informed consent & random assignment. Upon arrival,
participants completed the informed consent process with a study team member. Next,
their completed phone screen was reviewed to ensure their eligibility had not changed
since the phone screen. Next, participants were randomly assigned to the active (3-back)
or placebo (0-back) working memory depletion conditions.
Working memory depletion manipulation, behavioral risk-taking task, and APT.
Next, participants completed the working memory depletion manipulation. Across
conditions, participants completed the n-back task on a computer and responded via
mouse click to letters flashing on the screen according to the active or control condition
instructions. Prior to completing active or control trials, all participants completed a 1-
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Figure 2.2. Study procedures

65

66
minute practice trial to ensure understanding of task instructions. Participants completed
five trials (~10 minutes in length, total) once they achieved a 100% correct performance
on the practice trial. Following completion of the n-back trials, participants immediately
completed the BART. Participants were presented with visual instructions on the
computer screen and completed a practice trial to ensure comprehension of the
instructions. Participants completed 30 balloon trials of the BART with each balloon
having a different explosion point ranging from explosion after one to 128 pumps. The
main outcome variable from the BART was the average number of pumps across
balloons excluding those that exploded. Next, participants immediately began the APT
within Qualtrics.
Neuropsychological assessments. Next, participants completed a short series of
neuropsychological assessments with the investigator. Participants were administered
measures of verbal memory (CVLT-3), working memory and attention (WAIS-IV Digit
Span), executive functioning (D-KEFS Color Word Interference Test and Trail Making
Tests and WCST), and a brief assessment of abbreviated intelligence (WASI-II, 2-subtest
version). These assessments were administered according to respective standardized
administration guidelines and were scored according to standardized scoring procedures.
TBI interview. Next, participants engaged in a semi-structured TBI interview with
a study team member using the OSU TBI ID. For individuals whose OSU-TBI interview
indicated positive history of TBI, they were presented with the option to complete a
release of information (ROI) for medical records related to their injury. Only one
participant (who was a minor) agreed to provide this (ROI), and their parent did not
respond to our request for a signature on the ROI.

67
Self-Report Assessments. Next, study participants completed the aforementioned
self-report measures. All self-report measures were completed by the participant within a
Qualtrics questionnaire on the laboratory computer. Scores on each measure were derived
from individual item responses according to published scoring guidelines.
Study conclusion. Finally, participants were provided SONA credits or $25 in
return for participating plus any additional cash earned on the BART task. They were
provided the opportunity to ask questions about the study and were provided answers to
the extent that they did not include information about the study which could bias future
participants.
Data Analyses
Qualtrics software stores raw participant data. This raw data was exported from
Qualtrics into an excel file and then exported into an SPSS file. This data was reviewed
for errors, such as repeated entries and nonsensical responses. Raw data from pencil and
paper measures (TBI screener, neuropsychological assessments) were entered by hand
via study team members into a second SPSS file and double-checked for errors by a
second study team member. Lastly, data from computerized non-Qualtrics tasks (n-back
task, BART) were exported first into an excel file and then transferred into a third SPSS
file. These three datasets were merged into a prime SPSS database. All analyses were
conducted using SPSS Version 22. All mediation and moderation analyses were
conducted using Hayes’ PROCESS macro for SPSS (Hayes, 2017). This macro uses
bootstrapping to test mediation and moderation effects.
Data cleaning and preliminary analyses. Prior to conducting main analyses,
descriptive statistics were calculated for all study variables. Data were reviewed for
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errors and valid responding, missing data will be addressed, and remaining data cleaning
procedures followed the steps outlined in Tabachnick & Fidell, 2013. Next, variables
were examined for skewness and outliers. Outliers were windsorized, skewness was reassessed, and remaining skewed variables were transformed using the square root
transformation. Next, mean differences between injury conditions, manipulation
conditions in age, year in school, gender, ethnicity, and WASI-II scores were examined.
Finally, bivariate correlations were examined across study variables to guide selection of
covariates across models. Potential covariates examined included age, gender,
intelligence, sorority/fraternity membership, psychological symptoms/mood, and other
substance use. None of the aforementioned variables were significantly related to TBI.
When included in models they did not change the relationship between TBI and
dependent variables. Thus, no covariates were included in the study’s statistical models.
Primary analyses:
Aim 1: Test the hypothesis that history of TBI predicts greater alcohol use and
increased alcohol-related negative consequences. To address aim 1 two separate multiple
regressions were conducted to examine this aim. In the first model, the independent
variable (IV) was the binary TBI history variable (0=no; 1=yes) and the dependent
variable (DV) was AUDIT total score. In the second model, the IV was also TBI history,
with RAPI total score as the DV.
Aim 2a: Test the hypothesis that worse executive functioning explains the
relationship between history of TBI and alcohol consumption and alcohol-related
negative consequences. To address aim 2a, a series of regression analyses were
conducted to test these hypothesized mediation models. It was expected that individuals
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with history of TBI would have increased alcohol use and alcohol-related negative
consequences, and that performance on executive functioning tasks will mediate these
two relationships (Figure 2.3). Hayes’ PROCESS macro tests the statistical significance
of four paths (c, a, b, and c’) and uses bootstrapping to test the significance of the
mediation effect (path c’). Path c is the IV to the DV (TBI to AUDIT/RAPI). Path a is the
IV to the proposed mediator (TBI to executive functioning scores). Path b is the proposed
mediator to the DV (executive functioning scores to AUDIT/RAPI). Refer to Hayes
(2017) for a thorough description of regression mediation analytic procedures. A separate
mediation model was run for each executive functioning variable (D-KEFS Color-Word
Interference Test subtests 3 and 4; D-KEFS TMT; WCST). In total eight mediation
models were run to test the four possible mediators across the two DVs.

Figure 2.3. Hypothesized mediation model of executive functioning explaining relationship between TBI
history and alcohol use/alcohol-related consequences

Aim 2b: Test the hypothesis that worse executive functioning mediates the
relationship between TBI history and self-reported risk taking and impulsivity. Similarly,
to address aim 2b, a series of regression analyses were conducted to test these
hypothesized mediation models. It was expected that individuals with history of TBI
would have increased self-reported risk-taking and impulsivity, and that performance on
executive functioning tasks would mediate these two relationships (Figure 2.4). Hayes’
PROCESS macro was utilized in this aim as well. Path c is the IV to the DV (TBI to
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BIS/SUPPS-P/DOSPERT). Path a is the IV to the proposed mediator (TBI to executive
functioning scores). Path b is the proposed mediator to the DV (executive functioning
scores to BIS/SUPPS-P/DOSPERT). A separate mediation model was run for each
executive functioning variable (D-KEFS Color-Word Interference Test subtests 3 and 4;
D-KEFS TMT; WCST) across the three DVs.

Figure 2.4. Hypothesized mediation model of executive functioning explaining relationship between TBI
history and self-reported impulsivity/risk-taking

Aim 3a: Test the following hypotheses: 1) Positive TBI history will predict
increased behavioral risk-taking; 2) N-back condition (0-back vs. 3-back) will moderate
this relationship such that individuals in the 3-back/active condition will demonstrate a
stronger relationship between TBI history and behavioral risk-taking than individuals in
the 0-back/placebo condition. To address aim 3a, a series of analyses were conducted to
test this hypothesized moderation effect. It was expected that individuals with history of
TBI (IV) would have increased behavioral risk-taking (DV) and that n-back condition
(M) would moderate this relationship such that this relationship would be stronger for
individuals in the active/3-back condition than for those in the placebo/0-back condition.
(Figure 2.5). Hayes’ PROCESS macro was utilized in this aim as well.
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Figure 2.5. Hypothesized moderation of n-back condition on TBI history and behavioral risk-taking

Aim 3b: Test the following hypotheses: 1) Positive TBI history will predict
increased alcohol demand; 2) N-back condition (0-back vs. 3-back) will moderate this
relationship such that individuals in the 3-back/active condition will demonstrate a
stronger relationship between TBI history and alcohol demand than individuals in the 0back/placebo condition. Similarly, to address aim 3b, a series of analyses were conducted
to test this hypothesized moderation effect. It was expected that individuals with history
of TBI (IV) would have increased alcohol demand on the APT (DV) and that n-back
condition (M) would moderate this relationship such that this relationship would be
stronger for individuals in the active/3-back condition than for those in the placebo/0back condition. (Figure 2.6). Hayes’ PROCESS macro was utilized in this aim as well.

Figure 2.6. Hypothesized moderation of n-back condition on TBI history and alcohol demand relationship

Exploratory analyses:
Exploratory Aim 1: Test the hypothesis that age of first drink moderates the
relationship between TBI history and alcohol use/alcohol-related consequences. A series
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of analyses using Hayes’ PROCESS macro were conducted to test this hypothesized
moderation effect. It was expected that individuals with history of TBI (IV) would have
increased alcohol use/alcohol-related consequences (DV) and that age of first drink (M)
would moderate this relationship such that this relationship would be stronger for
individuals who had their first drink at younger ages. (Figure 2.7).

Figure 2.7. Hypothesized moderated effect of age of first drink on the relationship between TBI history and
alcohol use/alcohol-related consequences

Exploratory Aim 2: Test the hypothesis that age of TBI predicts alcohol
use/alcohol-related consequences. A series of multiple regression analyses were
conducted to test this hypothesized effect. It was expected that individuals who sustained
their first TBI (IV) at younger ages would have increased alcohol use/alcohol-related
consequences (DV).
Exploratory Aim 3: Test the hypothesis that gender will moderate the
relationship between history of TBI and alcohol use/alcohol-related consequences. A
series of analyses using Hayes’ PROCESS macro were conducted to test this
hypothesized moderation effect. It was expected that individuals with history of TBI (IV)
would have increased alcohol use/alcohol-related consequences (DV) and that gender
(M) would moderate this relationship such that this relationship would be different for
males and females. (Figure 2.8).
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Figure 2.8. Predicted moderated effect of gender on the relationship between TBI history and alcohol
use/alcohol-related consequences

CHAPTER 3: RESULTS
Randomization and Validity Analyses. Given that randomization is a process
and not an outcome, across study condition analyses were conducted to ascertain the
comparability of the research groups. Chi-square tests were used for categorical variables
and ANOVA for continuous measures. Gender, year in college (early – first and second
years; late – third year and beyond), race, and Greek/sorority/fraternity membership
status were not significantly different (p > .05) across n-back active and control groups
(Table 3.1) nor were they significantly different (p > .05) across TBI groups. However,
participants’ racial identity was significantly different across TBI groups (p = .028), with
a greater proportion of white participants in the TBI group than the non-TBI group (Table
3.2). The between group differences were not significant (p > .05) for age, intelligence,
negative affect, mood at study session, trauma symptoms, and other substance use across
n-back and TBI conditions (Tables 3.3-3.4).
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Table 3.1. Results of Chi-Square Test and Descriptive Statistics for N-Back Active and
Control Groups
Gender
Male
Female
Year in College
Early college
Late college
Race
White
POC
Greek Membership Status
Greek
Non-Greek
TBI History
Yes
No

Active (3-back)
n

Placebo (0-back)
n

24
23

25
21

.10 (.75)

25
22

24
22

.01 (.92)

36
11

31
15

.98 (.32)

28
19

17
28

5.40 (.07)

24
23

18
28

1.34 (.25)

χ2 (p)

Note: POC = people of color. Not all categories add up to 93, as some participants responded with “I prefer
not to answer” on some items.

Table 3.2.
Results of Chi-Square Test and Descriptive Statistics across TBI Groups
Gender
Male
Female
Year in College
Early college
Late college
Racial Identity
White
POC
Greek Membership Status
Greek
Non-Greek

TBI
n

No TBI
n

25
17

24
27

1.44 (.23)

24
18

25
26

.61 (.44)

35
7

32
19

4.85 (.03)

19
23

26
24

1.52 (.54)

χ2 (p)

Note: POC = people of color. Not all categories add up to 93, as some participants responded with “I prefer
not to answer” on some items.

Table 3.3
Mean Baseline Differences across N-Back Conditions
0-back
3-back
M (SD)
M (SD)
Age
20.15 (1.58)
19.93 (1.61)
WASI-II Index Total 104.82 (10.54)
101.94 (10.67)
PANAS NA
19.43 (6.18)
21.04 (6.96)
POMS TMD
14.02 (22.30)
15.87 (23.90)

ANOVA
F (p)
.306 (.581)
2.470 (.120)
1.374 (.244)
.178 (.674)

df
1, 92
1, 91
1, 92
1, 89
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PCL-5 Total
DAST-10 Total

9.91 (10.87)
2.02 (1.76)

11.94 (11.51)
1.51 (1.82)

.751 (.389)
2.536 (.115)

1, 91
1, 91

ANOVA
F (p)
.465 (.497)
1.37 (.245)
.370 (.545)
.367 (.546)
.948 (.333)
3.299 (.073)

df
1, 92
1, 91
1, 92
1, 89
1, 91
1, 91

Note: NA = negative affect; TMD = total mood disturbance.

Table 3.4
Mean Baseline Differences across TBI Groups
No TBI
TBI
M (SD)
M (SD)
Age
20.16 (1.59)
19.90 (1.59)
WASI-II Index Total 102.43 (10.73)
104.49 (10.57)
PANAS NA
20.55 (7.66)
19.88 (5.10)
POMS TMD
16.24 (25.37)
13.44 (20.0)
PCL-5 Total
9.76 (10.28)
12.36 (12.18)
DAST-10 Total
1.49 (1.50)
2.10 (2.07)
Note: NA = negative affect; TMD = total mood disturbance.

Descriptive Analyses.
Refer to Table 3.5 for Cronbach’s alpha coefficients across study scales.
Correlations across study variables are presented in Tables 3.6.a-c.
Table 3.5.
Cronbach alpha coefficients for study scales
Measure Name
The Rivermead Post-Concussion Symptoms Questionnaire (RPQ)
Neurobehavioral Symptom Inventory (NSI)
Alcohol Use Disorders Identification Test (AUDIT)
Rutgers Alcohol Problem Index (RAPI)
Drug Abuse Screening Test-10 (DAST-10)
The Barratt Impulsiveness Scale-11 (BIS-11)
SUPPS-P Negative Urgency
SUPPS-P Lack of Perseveration
SUPPS-P Lack of Premeditation
SUPPS-P Sensation Seeking
SUPPS-P Positive Urgency
DOSPERT Health & Safety Risk Perception
DOSPERT Recreational Risk Perception
Profile of Mood States (POMS) Total Mood Disturbance
Positive and Negative Affect Schedule (PANAS) Positive Affect
Positive and Negative Affect Schedule (PANAS) Negative Affect
PTSD Checklist-for DSM 5 (PCL-5)

Cronbach alpha
coefficient
.905
.926
.688
.841
.693
.829
.710
.791
.824
.725
.788
.746
.745
.941
.864
.831
.918

Note: Cronbach’s alpha represents the internal consistency of the entire scale, unless noted otherwise.

Table 3.6.a.
Bivariate Correlations for Study Variables, Part 1

1

2

3

4

5

6

7

8

9

10

11

12

13

TBI (0=no)

---

2

N-back (0=0-back)

.12

---

3

Age

-.08

-.07

---

4

Gender (Female=0)

.12

-.03

-.07

---

5

.228*

.10

-.30**

.13

---

6

Race (POC=1,
white=2)
AUDIT Total

.16

.03

-.28**

.21*

.07

---

7

RAPI Total

.17

.01

-.11

.21*

.04

.70**

---

8

TMT Speed Score

.05

-.14

.17

.01

.15

.02

<.01

---

9

CWInt Inhib Speed

.16

-.12

-.09

.24*

.28**

.16

.05

.34**

---

10

.13

-.06

-.18

.16

.17

.09

.01

.12

.50**

---

11

CWInt Switch
Speed
WCST Persev Errs

.08

-.08

-.11

-.05

.17

.11

.04

.31**

.15

<-.01

---

12

BIS Total

.04

-.03

.03

.09

-.01

.20

.26*

-.10

-.08

-.06

-.05

---

13

SUPPS-P NU

-.07

<.01

-.17

.04

-.01

.31**

.26*

-.08

.07

-.07

-.12

.38**

---

14

SUPPS-P LOPers

.16

-.17

.28**

.18

-.02

.08

.15

.01

.08

-.01

.06

.32**

.05

---
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Table 3.6.b.
Bivariate Correlations for Study Variables, Part 2

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

SUPPS-P LOPrem

-.01

-.08

.11

-.06

-.10

.08

.10

-.13

-.03

-.14

-.05

.67**

.23*

.48**

16

SUPPS-P SS

-.10

-.07

-.10

.07

-.12

-.08

.02

-.12

-.15

-.23*

-.11

.22*

.15

-.25*

17

SUPPS-P PU

-.10

-.03

-.10

<.01

-.10

.21*

.17

-.09

<-.01

-.03

.01

.48**

.35**

.06

18

DOSPERT H&S

-.02

.22*

-.07

-.30**

.01

-.07

-.05

-.16

-.23*

-.09

-.13

-.07

.05

-.42**

19

DOSPERT Rec

.08

.10

-.03

-.14

-.21*

.02

.01

-.22*

-.05

-.09

-.22*

-.13

.12

-.11

20

.27**

.02

-.06

.26*

.11

.14

.10

-.09

.03

.05

.07

.17

-.04

.12

21

BART(avg# pumps
w/burst)
APT BP

.09

.06

.02

.12

.12

-.06

-.03

.01

.08

-.05

-.10

.01

-.21*

.05

22

APT Intensity

.03

-.02

-.06

-.11

-.11

.22*

.13

-.20

.12

.14

-.18

.11

.06

.19

23

APT Omax

.09

<-.01

.07

.14

.14

.14

.05

.10

.18

.13

-.06

-.01

-.20

.12

24

APT Pmax

.04

.03

.08

.23*

.23*

-.02

-.02

.16

.17

.04

.05

-.11

-.29**

-.01

25

Age of first drink

-.12

.07

.33**

-.20

-.20

-.15

-.20

.23*

-.09

-.123

.14

.03

-.09

.06

26

Age of first TBI

--

.22

.02

.02

.02

-.11

-.24

.06

-.01

.08

.16

-.08

.01

-.20
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Note. * < .05; ** <.01, NU=Negative Urgency, LOPers=Lack of Perseveration, LOPrem=Lack of premeditation, SS=Sensation Seeking, PU=Positive Urgency

Table 3.6.c.
Bivariate Correlations for Study Variables, Part 3

15

16

17

18

19

20

21

22

23

24

25

15

SUPPS-P LOPrem

---

16

SUPPS-P SS

-.01

---

17

SUPPS-P PU

.36**

.26*

---

18

DOSPERT H&S

-.20

.13

-.14

---

19

DOSPERT Rec

-.12

-.06

-.23*

.53**

---

20

-.02

.15

.07

-.04

-.08

---

21

BART (avg# pumps
w/burst)
APT BP

-.07

.06

-.04

.01

-.04

.22*

---

22

APT Intensity

.08

.05

.20

-.22*

<.01

.16

.15

---

23

APT Omax

-.10

-.02

-.01

-.04

-.10

.27*

.73**

.33**

---

24

APT Pmax

-.15

-.09

-.12

.10

-.07

.12

.71**

-.18

.81**

---

25

Age of first drink

.01

-.17

.02

.06

.06

-.14

-.11

-.26*

-.10

.05

---

26

Age of first TBI

-.08

.10

.12

.32*

<.01

-.30

-.22

-.11

-.22

-.20

.11

26

---

Note. * < .05; ** <.01, NU=Negative Urgency, LOPers=Lack of Perseveration, LOPrem=Lack of Premeditation, SS=Sensation Seeking, PU=Positive Urgency
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TBI. Forty-two participants were determined to have at least one prior TBI using
the OSU-TBI. As expected, individuals with TBI reported more TBI-related symptoms
(as measured by the RPQ and the NSI) compared to individuals without TBI (F(1, 91) =
28.11, p = <.001; F(1, 91) = 9.25, p = .003, respectively). The following descriptive
statistics describe aspects of their TBI history and do not include participants in the
study without TBI. Average number of prior TBIs was 1.83 (SD = 1.10), with majority
reporting one (50.0%), two (28.6%), or three (14.3%) prior TBIs. The maximum number
of prior TBIs in these participants was six. 59.5% of these participants did not lose
consciousness (only experienced altered consciousness) during the course of their
injuries. Majority of the individuals who lost consciousness only experienced one TBI
during which they lost consciousness (94.1%). Maximum number of TBIs with loss of
consciousness was two.
The average age when participants with TBI sustained their first TBI was 13.70
years (SD = 3.20), with the majority reporting age of first TBI at 14 years old or after
(54.8%). 26.2% reported sustaining their first TBI between ages 10.5 and 13.5, while
16.7% reported age of first TBI as under 10 years old. Despite screening for childhood
TBI in the phone screen, many participants in the study had not realized these injuries
met criteria for a TBI, thus did not know to report this on the phone screen. This is not
uncommon, as many studies utilize the OSU-TBI semi-structured interview in order to
identify any misdiagnosed or un-diagnosed prior TBIs (Whiteneck et al., 2016).
Majority of injuries were sustained while engaged in sports (68.8%). Refer to Table 3.7
below for a breakdown of specific causes of TBIs in the sample.
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Table 3.7.
Cause of TBI across participants with a history of TBI
Cause

N

%

Sports

53
14
14
10
6
3
3
2
1
2
1
1
12
3
3
6
4
4
2

68.8
18.2
18.2
13.0
7.8
3.9
3.9
2.6
1.3
2.6
1.3
1.3
15.6
3.9
3.9
7.8
5.2
5.2
2.6

Football
Soccer
Basketball
Volleyball
Lacrosse
Cheer
Wrestling
Softball
Extracurricular Activities
Skateboarding
Snowboarding
Vehicle-related
Motor-vehicle accident
Bicycle
Dirt bike
Falls
Hit by or against Object
Fight/Assault

Resuming alcohol use after TBI. Of the 42 participants with a prior TBI, 45%
(N = 19) had not yet started drinking at the time of their injury. Across the participants
who had begun consuming alcohol prior to sustaining a TBI, there were a wide range of
timelines reported on how soon after injury they resumed drinking alcohol (as quickly as
within a couple hours of sustaining the injury to an entire year post-injury. Refer to
Table 3.8 for a breakdown of reported timelines of returning to alcohol use among these
participants.
Table 3.8.
Time to return to drinking post-TBI across participants with a history of TBI
Time

N

%

Had not yet consumed alcohol
Within a few hours
Less than 24 hours
Less than a week

19
1
2
1

51.3
2.7
5.4
2.7
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Two weeks
Three to four weeks
One month
Two to three months
Three to six months
One year

2
4
3
3
1
1

5.4
10.8
8.1
8.1
2.7
2.7

Note. Five participants with history of TBI did not respond to this question.

Alcohol and substance use. Majority of participants reported consuming alcohol
two to four times a week (73.9%) and consuming three or four (20.0%), five or six
(37.8%) or seven to nine (20.0%) drinks on a typical occasion. Similarly, majority of
participants described engaging in binge drinking monthly (31.1%) or weekly (63.3%).
Male gender was significantly positively related to increased alcohol use severity
(AUDIT Total score r = .21, p < .05) and alcohol-related consequences (RAPI Total
score r = .21, p < .05). Further, other substance use was endorsed by 61.3% of
participants, though majority remained below the suggested cut-off of three (M = 1.76,
SD = 1.80) warranting further investigation (Yudko et al., 2007)
Aim 1: Effect of TBI on college alcohol use and alcohol-related negative
consequences.
The primary aim of the study was to determine the effect of prior TBI on alcohol
use and alcohol-related negative consequences in a sample of college students who
report engaging in binge drinking. To do this, two separate multiple regressions analyses
were conducted. The first regression explored the effect of TBI (prior TBI vs. no prior
TBI) on self-reported alcohol use (as measured by the AUDIT). Contrary to the
hypothesis, TBI history did not significantly predict alcohol use (R2 = .024, F(1, 91) =
2.28, p = .14). Similarly, a second regression was conducted to determine the effect of
prior TBI on negative alcohol-related consequences (as measured by the RAPI).
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Contrary to the hypothesis, TBI history did not significantly predict negative alcoholrelated consequences R2 = .021, F(1, 91) = 1.99, p = .16).
Aim 2a: Executive functioning (EF) as a mediator of the relationship between TBI
history and college alcohol use/alcohol-related negative consequences.
The present study sought to explore aspects of executive functioning that may
mediate the effects of TBI on participants’ alcohol use and alcohol-related negative
consequences. Eight analyses were conducted to examine the mediating effect of four
indices of executive function (auditory inhibition [D-KEFS Color Word Interference
Subtest 3], auditory switching [D-KEFS Color Word Interference Subtest 4], motor
switching [D-KEFS TMT], and cognitive flexibility [WCST]).
EF as a mediator between TBI history and alcohol use/alcohol-related
negative consequences. Although there was no effect of TBI history on subsequent
college alcohol use (as measured by the AUDIT) nor alcohol-related negative
consequences (as measured by the RAPI), the proposed mediation analyses were
conducted to investigate the extent to which any of the hypothesized mediation paths
were supported. The first set of analyses explored the mediating role of EF (as measured
by D-KEFS Color Word Interferences Subtests 3 and 4, D-KEFS TMT, and WCST) on
the relationship between TBI and alcohol use/alcohol-related negative consequences.
Contrary to study hypotheses, in these analyses, TBI history did not significantly predict
either alcohol use (R2 = .024, F(1, 91) = 2.28, p = .14), alcohol-related negative
consequences (R= .02, F(1,91) = 1.99, p = .16), or any of the proposed EF mediators (DKEFS Color Word Interference Subtest 3 [R2 = .04, F(1, 90) = 3.51, p = .06]; D-KEFS
Color Word Interference Subtest 4 [R2 = .01, F(1, 89) = 0.54, p = .46]; D-KEFS TMT
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[R2 = .002, F(1, 90) = 0.19, p = .67]; and WCST [R2 = .01, F(1, 88) = 0.61, p = .44]).
Given these findings, further mediation analyses specific to this aim were discontinued.
Aim 2b: EF as a mediator of the relationship between TBI history and selfreported impulsivity/risk-taking.
The present study also sought to explore aspects of executive functioning that
may mediate the relationship between TBI history and self-reported impulsivity/risktaking. A series of analyses were conducted to examine the mediating effect of four
indices of executive function (auditory inhibition [D-KEFS Color Word Interference
Subtest 3], auditory switching [D-KEFS Color Word Interference Subtest 4], motor
switching [D-KEFS TMT], and cognitive flexibility [WCST]).
EF as a mediator between TBI history and self-reported impulsivity/risktaking. Contrary to study hypotheses, TBI did not significantly predict self-reported
impulsivity/risk-taking (as measured by the BIS [p = .74], SUPPS-P [ps = .48, .13, .91,
.33, .35], and DOSPERT [ps = .46, .85). Given these findings and the previous nonsignificant relationship between TBI and EF, further mediation analyses specific to this
aim were discontinued.
Aim 3a: N-back condition as a moderator of the relationship between TBI history
and behavioral risk-taking.
The present study also aimed to examine the relationship between TBI history
and behavioral risk-taking and to explore how a cognitive depletion manipulation (3back vs. 0-back task conditions) may moderate this relationship. First, a multiple
regression analysis was conducted which explored the effect of TBI (prior TBI vs. no
prior TBI) on behavioral risk-taking (as measured by average number of balloon pumps
on the BART). As hypothesized, having a prior TBI significantly predicted greater
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behavioral risk-taking (R2 = .07, F(1, 91) = 6.43, p = .013). Next, N-back condition was
tested as a moderator of this relationship using Hayes PROCESS macro for SPSS.
Contrary to the hypothesis, N-back condition did not significantly moderate the
relationship between TBI history and behavioral risk taking (ΔR2 = .0001, ΔF(1, 90) =
.012, p = .91, LLCI = -.375, ULCI = .336).
Aim 3b: N-back condition as a moderator of the relationship between TBI history
and alcohol demand.
Similarly, the present study aimed to examine the relationship between TBI
history and indices of alcohol demand (breakpoint, intensity, Omax, Pmax) and to
explore how a cognitive depletion manipulation (3-back vs. 0-back task conditions) may
moderate this relationship. First, a series of multiple regression analysis were conducted
to explore the effect of TBI (prior TBI vs. no prior TBI) on alcohol demand (as
measured by demand indices on the BART). Contrary to study hypotheses, having a
prior TBI did not significantly predict APT breakpoint (R2 = .008, F(1, 91) = .768, p =
.38), APT intensity (R2 = .003, F(1, 91) = .296, p = .59), APT Omax (R2 = .007, F(1, 91)
= .597, p = .44), or APT Pmax (R2 = .002, F(1, 91) = .212, p = .65).
Although TBI did not significantly predict any index of alcohol demand, N-back
condition was examined as a moderator to test whether this relationship was different for
individuals in the 0-back condition compared to the 3-back condition. Contrary to study
hypotheses, N-back condition did not significantly moderate the relationship between
TBI history and APT breakpoint, (ΔR2 = .009, ΔF(1, 89) = .821, p = .368, LLCI = 8.374, ULCI = 3.130), APT intensity (ΔR2 = .010, ΔF(1, 89) = .909, p = .343, LLCI = 4.619, ULCI = 1.323), APT Omax (ΔR2 = .018, ΔF(1, 89) = 1.055, p = .650, LLCI = -
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15.803., ULCI = 5.033), or, APT Pmax (ΔR2 = .007, ΔF(1, 89) = .306, p = .581, LLCI =
-3.532, ULCI = 1.993).
Proposed Exploratory Analyses
In addition to primary aims of the study, the present project aimed to better
understand the developmental and individual differences amongst participants that may
change how TBI history relates to alcohol use/alcohol-related negative consequences. A
series of moderation regression analyses were conducted to explore how age of first
drink, age of first TBI, and gender may moderate the relationship between TBI history
and alcohol use/alcohol-related negative consequences.
Exploratory aims 1 & 2: Age of first drink and age of first TBI as moderators of
the relationship between TBI history and alcohol use/alcohol-related negative
consequences.
As established in Aim 1’s analyses, TBI did not significantly predict alcohol use
or alcohol-related negative consequences. However, it was tested whether age of first
drink moderated this relationship. Contrary to study hypotheses, age of first drink did
not significantly moderate the relationship between TBI history and alcohol use, (as
measured by the AUDIT; ΔR2 = .005, ΔF(1, 89) = .496, p = .483, LLCI = -.707, ULCI
= 1.483) or alcohol-related negative consequences (as measured by the RAPI; ΔR2 =
.0001, ΔF(1, 89) = .009, p = .924, LLCI = -1.811, ULCI = 1.646). Next, the
relationships between age of first TBI and alcohol use/alcohol-related negative
consequences were tested in the participants with at least one prior TBI (N = 41).
Similarly, age of first TBI did not significantly predict alcohol use (R2 = .013, F(1, 39) =
.496, p = .486) or alcohol-related negative consequences (R2 = .05, F(1, 39) = 2.28, p =
.139), contrary to hypotheses.
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Exploratory aim 3: Gender as a moderator of the relationship between TBI history
and alcohol use/alcohol-related negative consequences.
As established in Aim 1’s analyses, TBI did not significantly predict alcohol use
or alcohol-related negative consequences. However, we tested whether gender identity
moderated this relationship. Contrary to study hypotheses, gender identity did not
significantly moderate the relationship between TBI history and alcohol use, (as
measured by the AUDIT; ΔR2 = .011, ΔF(1, 89) = 1.096, p = .298, LLCI = -1.885,
ULCI = 6.082) or alcohol-related negative consequences (as measured by the RAPI; ΔR2
= .031, ΔF(1, 89) = 3.032, p = .085, LLCI = -.774, ULCI = 11.746).
Summary
TBI history did not significantly predict alcohol use or alcohol-related negative
consequences. Thus, Hypothesis 1 was not supported. Similarly, hypothesized mediation
effects (Hypotheses 2a and 2b) were not supported. Hypothesis 3a was partially
supported, as TBI history significantly predicted greater behavioral risk-taking.
However, contrary to Hypothesis 3a, N-back condition did not moderate this
relationship. Remaining hypothesized moderation effects (Hypothesis 3b, Exploratory
Hypotheses 1, 2, 3, and 4) were not supported.
Follow-Up Exploratory Analyses
Given that the present study’s TBI group included those with single and multiple
TBIs, the relationships between number of TBIs and main study variables of interest
(alcohol use/alcohol-related negative consequences, EF) were further explored. Number
of TBIs was not significantly associated with alcohol use/alcohol-related negative
consequences, or any index of EF (all ps >.05) A series of one-way between groups
ANOVAs was conducted to examine mean differences in the aforementioned variables
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of interest across participants with different numbers of TBIs. As displayed in Table 3.9,
participants with various numbers of TBIs were not significantly different on average in
their alcohol use/alcohol-related negative consequences, N-back performance, or EF.
Table 3.9.
ANOVA Results – Mean differences in study variables across participants with different
numbers of prior TBIs
0 TBI
1 TBI
2 TBIs 3 TBIs 4 TBIs 6 TBIs Sig.
(N=51) (N=21) (N=12) (N=6)
(N=2)
(N=1)
AUDIT Total
11.314 13.238 11.833 11.833 15.500 17.000 .49
RAPI Total
8.422
12.071 9.042
12.250 6.500
12.000 .49
TMT Speed
61.275 69.450 59.667 54.833 69.000 16.000 .10
CW-Int Inhibit Speed
4.870
4.406
3.912
3.738
4.000
3.873
.52
CW-Int Switch Speed
4.309
4.115
3.508
4.624
4.604
4.583
.73
WCST Persev Errors
5.463
4.139
5.186
5.803
6.981
8.307
.15
Note. Higher scores on AUDIT and RAPI reflect greater alcohol use and greater alcohol-related
negative consequences. Higher scores on EF variables reflect better performance on EF tasks.
DV

One recent study found that individuals who sustained a mTBI with loss of
consciousness (LOC) before age 20 were significantly more likely to endorse current
binge drinking than participants who sustained their first mTBI with LOC at or after age
20 (Corrigan et al., 2020). Considering these findings, the present study sought to better
understand whether having a TBI with LOC may impact alcohol use/alcohol-related
negative consequences or EF. Therefore, a series of ANOVAs were conducted to
examine mean differences across participants without a prior TBI, with prior TBI
without LOC, and with TBI with LOC. As shown in Table 3.10, these groups did not
demonstrate significant mean differences across alcohol use/alcohol-related negative
consequences or EF scores.
Table 3.10.
ANOVA Results – Mean differences in study variables across participants with different
TBI histories
0 TBI
TBI w/o LOC TBI w/ LOC
Sig.
DV
(N=51)
(N=25)
(N=17)
AUDIT Total
11.314
12.520
13.294
.29
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RAPI Total
TMT Speed
CW-Int Inhibit Speed
CW-Int Switch Speed
WCST Persev Errors

8.422
61.275
4.870
4.309
5.463

12.200
60.840
3.907
3.883
4.467

9.147
66.688
2.460
4.305
5.652

.13
.61
.12
.56
.16

Note. Higher scores on AUDIT and RAPI reflect greater alcohol use and greater alcohol-related
negative consequences. Higher scores on EF variables reflect better performance on EF tasks.

Considering the lack of significant findings related to N-back condition, the Nback task was further examined. First, accuracy on the N-back was examined across the
two conditions. As anticipated, individuals in the 3-back condition demonstrated worse
accuracy, on average, than those in the 0-back condition (F (1,86) = 93.07, p = <.001,
MSE = 14.03). Next, the relationship between N-back condition and EF performance
was examined. As individuals in 3-back group showed decreased accuracy (as the 3back condition is designed to be much harder), it was predicted that those in the 3-back
group may show decreased EF performance. Therefore, a series of ANOVAs were
conducted to examine mean differences across participants in the 0-back and 3-back
conditions. As shown in Table 3.11, N-back groups did not demonstrate significant
mean differences across EF scores.
Table 3.11.
ANOVA Results – Mean differences in study variables across N-back conditions
0-back
3-back
Sig.
DV
(N=46)
(N=47)
TMT Speed
64.911
59.404
.195
CW-Int Inhibit Speed
4.305
4.765
.249
CW-Int Switch Speed
4.028
4.351
.357
WCST Persev Errors
4.979
5.461
.332
Note. Higher scores on EF variables reflect better performance on EF tasks.

CHAPTER 4: DISCUSSION
Extant research on TBI and post-injury alcohol misuse has focused mainly on
moderate/severe TBI and chronic, heavy alcohol use disorders, despite the fact that
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mTBIs and mild AUDs (such as binge drinking) are more common (Cassidy et al., 2004;
Grant et al., 2015). Though research shows that individuals who engage in binge
drinking are at higher risk for sustaining a TBI compared to those who engage in chronic
heavy alcohol use (Corrigan et al., 2013), and that sustaining a mTBI before age 20
increases risk for binge drinking (Corrigan et al., 2020), TBI has not been explicitly
examined in samples of binge drinkers. Relatedly, this connection between alcohol
misuse and TBI has not been well studied in college students, despite the high
prevalence of alcohol misuse (particularly binge drinking) in college students (National
Institute on Alcohol Abuse and Alcoholism, 2017), though a recent study found that
having previously sustained a concussion was associated with increased reported alcohol
consumption compared to those without concussion history in a sample of college
students (Alcock et al., 2018).
Additionally, neuropsychological functioning has been proposed as a potential
mechanism underlying the relationship between TBI and alcohol misuse, but research
directly testing this relationship is scant. As neuropsychological functioning impacts
daily decision-making, this is an important but understudied area. For example, one
recent study found that individuals with low baseline levels of executive functioning
drank more alcohol when in a state of cognitive depletion compared to those with high
baseline levels of executive functioning (Looby et al., 2018).
The present study examined how TBI history (specifically injuries sustained
during adolescence or young adulthood) predicts alcohol use/alcohol-related negative
consequences, self-reported and behavioral impulsivity/risk-taking, and executive
functioning in college students who engage in binge drinking. It was hypothesized that
having a prior TBI would predict greater alcohol use, alcohol-related negative
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consequences, and alcohol demand, worse executive functioning, and increased selfreported and behavioral impulsivity and risk-taking. Further, a cognitive depletion
manipulation was utilized to examine whether an induced state of cognitive depletion
may interact with TBI history to impact behavioral impulsivity and indices of alcohol
demand.
Participants with and without prior TBIs were randomized into two conditions: a
“control” condition in which participants engaged in a sustained attention 0-back task,
and an “active” condition in which participants completed a difficult 3-back working
memory task. It was hypothesized that cognitive depletion manipulation would moderate
the relationships between TBI history and behavioral risk-taking and alcohol demand,
such that those with a prior TBI that were randomized to the active cognitive depletion
would take more risks and show greater alcohol demand.
Primary Results
Effect of TBI on alcohol variables. The first aim of the present research study
was to examine the effect of TBI on alcohol-related responding (i.e., alcohol misuse,
alcohol-related negative consequences, and alcohol demand) for college-age students.
The study hypotheses, that TBI history would predict greater alcohol misuse, alcoholrelated negative consequences (Hypothesis 1), and alcohol demand (Hypothesis 3b) and
were not supported. Although the measures used in this study are commonly used to
assess lifetime TBI history and measure drinking-related behaviors in college students,
these measures have not (to the author’s knowledge) been studied to study the
connection between alcohol misuse and TBI. For example, in a recent study examining
concussion history and alcohol consumption in college students (Alcock et al., 2018),
questions from the Everyday Living Questionnaire were utilized to assess concussion
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history, weekly alcohol use, and average number of alcoholic drinks per outing). It may
be the case that more objective, sensitive, and observational measures (e.g., ecological
momentary assessment) may be needed to detect effects. A comparison of different
measures of alcohol misuse in the context of post-TBI alcohol use is needed.
Additionally, one key characteristic of the study design may have unintentionally
contributed to the lack of alcohol effects observed in the present study. Prior studies
have examined alcohol use within samples of individuals with heterogeneous alcohol
consumption patterns, and have found that sustaining a mTBI in adolescence/early
adulthood increases risk for binge drinking specifically (Corrigan et al., 2013; Corrigan
et al., 2020). The present study included individuals that endorsed at least monthly
engagement in binge drinking and excluded any individuals that consumed alcohol but
did not engage in binge drinking at least monthly. If other types of drinkers were
included, presumably increasing the variability of alcohol use patterns across
participants, the effect of TBI on alcohol-related responding may have been easier to
detect. Future studies should aim to recruit drinkers across the severity spectrum of
alcohol use to better understand how prior TBI impacts different alcohol use patterns,
negative consequences, and alcohol demand.
Similarly, the present study excluded participants who endorsed a parent with a
known AUD or AUD treatment. This choice was made in an attempt to more clearly
understand the specific role of TBI on alcohol responding as this family history is
known to increase risk for greater alcohol consumption and increased response to
alcohol-related information. However, the impact of this family history on alcoholrelated responding after TBI is unknown and warrants future research.
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Of the potential reasons for the lack of significant TBI/alcohol-responding
findings, one is that sustaining a single mTBI during adolescence/early adulthood does
not result in lasting neuropsychological and behavioral changes. This explanation is
consistent with the conventional understanding of mTBI recovery, in that most
individuals report recovery of function and amelioration of associated symptoms in five
to ten days post-injury (McCrea et al., 2003). Despite this typical recovery trajectory,
after recovering from a mTBI, research has demonstrated lasting changes to brain
functioning evident on brain imaging (Ledwidge & Molfese, 2016) and increased risk
for future alcohol misuse (Corrigan et al., 2020).
Variability in aspects of TBI history in the present sample may have also
contributed to the non-significant TBI effects on alcohol responding in the present study.
For example, though majority of participants with a TBI had sustained one or two prior
TBIs (50% and 28.6%, respectively), up to six prior TBIs were reported in the sample.
Though these individuals represented a minority of the TBI group and did not
demonstrate significant mean differences on alcohol or EF measures, the impact of this
variability is unclear. Further, of the individuals with a prior TBI, only 17 (40.5%)
reported a TBI with LOC. Considering recent findings that TBI with LOC during
adolescence/early adulthood increases risk for binge drinking (Corrigan et al., 2020), the
TBI group being comprised of mostly individuals without LOC during their TBI may
have impacted the lack of TBI effects on alcohol-related responding.
Mediation Effects. The second aim of the study was to examine aspects of
executive functioning that mediate the effects of the TBI on alcohol use/alcohol-related
negative consequences and on self-reported impulsivity/risk-taking. Various mediation
models were tested. First, the mediating role of four indices of EF on the effect of TBI
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and alcohol use (as measured by the AUDIT) was examined. Next, these indices of EF
were examined as mediators of the relationship between TBI and alcohol-related
negative consequences. Third, EF performances were examined as mediators between
the relationship between TBI and several self-report measures of impulsivity and risktaking (BIS, SUPPS-P, DOSPERT). Contrary to hypotheses, in all proposed models
(TBI and alcohol use, TBI and alcohol-related negative consequences, TBI and each
measure of impulsivity, and TBI and risk-taking), the action theory pathway (i.e., the
alpha paths) of the mediation model was not statistically significant. The conceptual
theory pathways (i.e., beta paths) of the models were also not statistically significant.
These findings were unexpected and contrary to previous research. As previously
discussed, sustaining a TBI in adolescence/early adulthood has predicted alcohol
use/alcohol responding in previous studies (Weil et al., 2016; Corrigan et al., 2020). TBI
has also been associated with greater impulsivity/risk-taking (Bjork & Grank, 2009),
though research is lacking in examining this relationship following mild TBIs.
Researchers also highlight that the relationship between TBI and impulsivity is likely bidirectional such that individuals with strong personality traits of sensation seeking and
risk-taking are at greater risk for sustaining a TBI (Mosti & Coccaro, 2018) and
decreased EF after TBI is thought to continue this cycle. Although TBI did not
significantly predict self-reported impulsivity/risk-taking, it did significantly predict
behavioral risk-taking in the present study. Thus, it is possible that behavioral measures
of impulsivity/risk-taking may be more sensitive to TBI-related impulsivity than selfreport measures. Participants may also have less insight into their real-world
impulsivity/risk-taking, especially in a sample of full-time college students, which may
make self-report measures in this domain less useful. Some studies have found similar
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discrepancies in self-report versus behavioral measures of impulsivity in samples of
college students (Roeser et al., 2016). Additionally, self-report and behavioral measures
or risk-taking/impulsivity are not always correlated, and researchers have described that
in some samples (e.g., individuals with substance use disorders), self-report and
behavioral measures assess different components of risk-taking/impulsivity (Sharma et
al., 2014) which may have been the case in the present study.
Despite expectations that individuals with TBI would have worse EF, this was
not supported in the present study. Though moderate to severe TBI has been shown to
consistently negatively impact EF, decreased EF after mTBI shows mixed support
across studies. Some studies have demonstrated EF deficits (as measured by
performance on neuropsychological tasks) in veterans with a history of mTBI, even after
controlling for psychiatric symptoms and combat exposure (Gaines et al., 2015),
whereas others report no evidence of EF impairment on neuropsychological tasks, but
do find self- and collateral-reported executive functioning problems that impact daily
life (Donders et al., 2015; Rakers et al., 2018). It may be that neuropsychological tasks
and symptom report assessments measure different aspects of EF (akin to measurement
differences discussed in regards to impulsivity previously), or that neuropsychological
tasks are not sensitive enough to detect the subtler changes in EF post-mTBI.
Moderation Effects. The third aim of the study was to examine the impact of a
working memory depletion manipulation on the relationship between TBI and inlaboratory behavioral risk-taking and alcohol demand. Two moderation models were
tested. First, the moderating role of N-back condition on the relationship between TBI
and behavioral risk-taking (as measured by the BART) was examined. Second, N-back
condition was examined as a mediator of the relationship between TBI and four indices
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of alcohol demand (APT breakpoint, intensity, Omax, and Pmax). Contrary to
hypotheses, N-back condition did not significantly moderate any of the aforementioned
relationships. These findings were not anticipated as a prior study utilized the same
working memory depletion paradigm and found that the active depletion resulted in
greater alcohol use in participants with lower baseline EF compared to those with higher
EF (Looby et al., 2018).
The present study differed from this prior study in that the current participants
did not demonstrate a range of baseline levels of EF; despite nearly half of the sample
reporting a TBI history, participants did not demonstrate low baseline EF irrespective of
TBI history. This may explain why the working memory depletion task did not impact
behavioral risk-taking and alcohol demand. Additionally, though the prior study found a
statistically significant effect of working memory depletion on actual alcohol consumed
in the laboratory, the difference in alcohol consumed between the two depletion groups
was only 1.34oz of domestic beer. Considering that 12oz equates to one standard drink,
this statistically significant difference may not be that relevant to real-world increases in
drinking. This may also explain why indices of alcohol demand were not significant, as
units of change on the APT are one standard drink.
Exploratory analyses. Planned moderation analyses examined how the
relationship between TBI and alcohol use/alcohol-related negative consequences may
depend on age of alcohol use onset or differ across gender identities. Although earlier
age of alcohol onset is a strong predictor of future alcohol use, contrary to study
hypotheses, this did not impact the relationship between TBI and alcohol-related
responses. Similarly, age of first TBI did not significantly predict alcohol-related
responses. Future research should aim to better understand how onset of alcohol use and
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TBI during adolescence/early adulthood may impact future alcohol use in the context of
neurodevelopment.
Contrary to hypotheses, gender identity and age of alcohol use onset did not
significantly change the relationship between TBI and alcohol use/alcohol-related
negative consequences. The lack of gender differences is somewhat surprising, though
the null relationship between TBI and alcohol-related variables within the entire sample
should be considered. Gender differences may exist as it relates to TBI and alcohol use,
and this area warrants further investigation.
Supplemental Exploratory Analyses. Based on prior research suggesting that
sustaining TBIs with loss of consciousness prior to age 20 increased likelihood for
endorsement of binge drinking (Corrigan et al., 2020), follow-up exploratory analyses
were conducted to examine whether number of TBIs or having a TBI with LOC resulted
in significant mean differences across study variables of interest. However, number of
TBIs was not significantly associated with alcohol use/alcohol-related negative
consequences, or any index of EF. Similarly, no significant differences in alcohol
consumption/alcohol-related negative consequences or any index of EF were observed
in these exploratory analyses. The following is a discussion of the implications and
limitations of the study and future areas for research.
Limitations, Implications, and Future Research
Limitations and Future Research. There are several notable limitations to the
present study. As previously discussed, chosen inclusion/exclusion criteria limited the
scope of our sample (only current college students who report engaging in binge
drinking who do not report a biological parent with an AUD). Other aspects of the
sample may have limited our findings including variability in number of prior mTBIs
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and little variability in levels of executive functioning. Additionally, all study data were
collected at a single in-person study session. Thus, responses on self-report measures
and during the TBI interview are subject to limitations common when collecting selfreported information, including difficulties accurately recalling information and socially
desirable responding. Though the participants were informed of confidentiality
procedures preventing their identity from being linked to their responses and they
completed the self-report measures in a private room separate from study team
members, some responses may have been affected by these conditions. Regarding
measurement of alcohol use and alcohol-related negative consequences, the extent to
which participants’ responses on self-report measures accurately reflect their regular
drinking behaviors and consequences is unknown. Further, the participants’ onset and
course of alcohol use was not assessed, and it is anticipated that this particular aspect of
alcohol assessment would be more likely to impact the variables in the present study
than self-reported alcohol consumption and related consequences collected at a single
time point. Further, some research has found that individuals differ in their accuracy to
recall alcohol consumption on the day of an event compared to a later time (Patrick &
Lee, 2010). Therefore, alternative methods that assess alcohol more richly may be
preferred in future research (e.g., Timeline Follow Back Interview, daily diaries, or
ecological momentary assessment).
Similarly, the measurement of TBI history has limitations. Although the OSUTBI is a gold standard semi-structured interview for establishing lifetime TBI history, it
is likely more inaccurate than review of hospital records. In light of evidence that mTBI
is under-recognized and many individuals do not seek medical treatment for mTBIs, the
interview format was preferred for the present study. However, none of the participants
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with a prior TBI were able to provide medical records corroborating their injuries,
representing a limitation of the study. Additionally, it is becoming more common in TBI
research to include a non-TBI injury control group in order to control for effects
attributable to sustaining an injury in general. The present study was unable to include
such a non-TBI injury control. Since the effects of TBI in the present study were mostly
null, this is likely a minor limitation, but should be considered for future studies in this
area.
Also related to measurement, clinical neuropsychological assessments sensitive
to severe brain disruption such as stroke, acute TBI, brain tumor, focal seizures, and
dementia may not be sensitive enough to capture subtler changes in neurocognition that
could be attributed to mTBI. As discussed previously, functional neuroimaging studies
have shown lasting neurophysiological and functional brain changes following mTBI
after symptoms have resolved (Ledwidge & Molfese, 2016). Alternative methods
(including ERP and fMRI) may be necessary to accurately measure neurocognitive
changes that have not yet reached a clinical level of severity.
Finally, there was an overrepresentation of white participants (72.0%) and cisgender individuals (100%) in the present sample. It is also noteworthy that the study
only recruited college students to participate. Though current level of daily functioning
was not directly assessed in the study, it is reasonable to assume that the participants
(enrolled full-time at a university with no diagnosed learning disabilities or neurological
conditions) were operating at a fairly high level (functionally and cognitively). The
ability to detect the anticipated neuropsychological and behavioral effects of TBI may be
stronger in a community sample with greater variability in these domains. These
characteristics of the study sample limits the generalizability of the results.
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Theoretical Implications. The findings and limitations of the present study
suggest that experiencing a mTBI in adolescence/early adulthood is not a strong enough
factor to significantly impact severity of drinking or related consequences in college
binge drinkers. In light of these findings, future research may benefit from a
conceptualization of mTBI and alcohol misuse that integrates other vulnerability factors
that are known to increase risk for future alcohol misuse. Further, such research should
aim to purposefully include individuals with biological parents with AUD, earlier onset
of regular alcohol use, individuals with ACEs and adolescent mTBI, and to recruit
samples from the community. Not only will this likely increase likelihood of detecting
mTBI-specific effects on alcohol use, it increases generalizability of findings to a wider
swath of individuals. Future research would benefit from adoption of a vulnerability
model that conceptualizes mTBI as one biological vulnerability factor that may uniquely
contribute to increased risk for alcohol misuse in the future in addition to other
vulnerability factors (genetic, psychological, environmental). The dual process model
adapted in the present study could also be expanded to include these other vulnerability
factors that may lead to increased impulsivity and decreased executive control.
Methodological Implications. The findings and limitations previously discussed
also lend to methodological implications for future research in this area. Working from a
vulnerability model, future research should prioritize methodology and measurement
that prioritize these same aspects of vulnerability. For example, studies could utilize a
structured interview to assess extent of family history of alcohol use disorders,
measurement of ACEs, structured interview on history of alcohol use (e.g., Timeline
Follow Back interview), thorough assessment of TBI history, and ongoing assessment of
alcohol use over multiple time points (e.g., ecological momentary assessment).
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Conclusions
The present study examined the impact of adolescent/young adult TBI on alcohol
use, alcohol-related negative consequences, alcohol demand, and self-report and
behavioral impulsivity/risk-taking in college students that engage in binge drinking.
Further, it sought to examine whether aspects of EF mediated this relationship and
whether a working memory depletion manipulation would moderate this relationship.
Lastly, it examined aspects of participants’ developmental histories (age of alcohol use
onset and age of first TBI) and aspects of identity (gender) as possible moderators of this
relationship. The primary hypothesis was that TBI would result in greater alcohol
use/alcohol-related negative consequences, and greater self-reported impulsivity/risktaking and that worse EF related to TBI would explain these relationships. Further, it
was hypothesized that when randomized to a working memory depletion (versus
placebo), individuals with TBI would demonstrate increased behavioral risk-taking and
alcohol demand. Prior TBI predicted greater behavioral risk-taking, as hypothesized.
However, all other study hypotheses were not supported.
Despite the null findings of the present study, this work extends the growing
literature on TBI and post-injury alcohol use. The present study was innovative as it
focused on college students who engage in binge drinking and tested the impact of
mTBIs on various aspects of neuropsychological functioning (several indices of EF) and
behavior (alcohol use, alcohol-related negative consequences, alcohol demand, selfreported and behavioral impulsivity/risk-taking). Most of the previously published TBI
and alcohol literature has focused on moderate/severe TBI and chronic, heavy alcohol
use. The present study was also unique in that it utilized an experimental manipulation
to test whether individuals with prior TBIs would be more depleted by a working
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memory depletion task resulting in greater behavioral risk-taking, and also tested
whether this depletion would impact indices of alcohol demand. Despite the null
findings, the present study adds to a literature of primarily descriptive epidemiological
studies. Continued research on the relationship between TBI and alcohol use is
necessary. It is of particular need to better understand the risk and protective factors that
may alter a person’s developmental trajectory after sustaining a TBI, as many factors
may be contributing to increased risk for post-injury alcohol misuse.
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Appendix B. Consent form

INFORMED CONSENT FOR RESEARCH PARTICIPATION
Alcohol, Brain, Body & Behavior Study
Purpose:
This research aims to examine the relationship between injury history and alcohol use in
college students with a particular focus on the role of neuropsychological performance
in this relationship.
Procedures:
If you agree to participate in this study, you will be asked to complete
neuropsychological tests, questionnaires regarding (a) demographic information such as
age, gender, marital status, personal and family history of mental illnesses and drug use,
and family income, (b) use of and attitudes towards psychoactive substances and alcohol
(c) personality characteristics and emotional states, and (d) history of injuries. Lastly,
you will be asked to complete two decision-making tasks.
Benefits:
You will receive no direct benefit from participating in this study. However, allowing us
to use your information for research will contribute in our understanding of college
students’ substance use, neuropsychological performance and injury history which may
lead to improved substance use and injury intervention/prevention programs for college
students.
Risks and/or Discomforts:
There are no unforeseen risks associated with participation in this study. Potential
distress from answering questions tends not to be significantly higher than normal life
stressors. However, due to the sensitive nature of some of the questions, answering such
questions may cause discomfort. If this study evokes significant distress or negative
feelings greater than you expected, we have provided contact information to the
following institutions for counseling or psychological services:
UNL Counseling and Psychological Services (CAPS)
Phone: (402) 472-5000
First four sessions free for students, remaining sessions covered by UNL Student Health
Insurance
UNL Psychological Consultation Center (PCC)
Phone: (402) 472-2351
Psychological treatment available on a sliding fee scale
Confidentiality:
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All information you provide in the study will be kept confidential and all identifying
information will not be included in the final database. In other words, your name and
other contact information will be separated from the information that you will provide
us. Your name and contact information will be kept in a separate database, and will only
be used to award course credits. All other information you provide us will be kept
anonymous. All data will be stored on a password protected computer in a locked office
that may only be accessed by the study researchers. Data may be kept for ten years after
the study is complete and will then be destroyed. All collected information will be
grouped with all other participants and averages of group responses will be disseminated
in publications to professional journals, presentations at professional meetings, or in
grant preparations. Furthermore, your name will not be used in any report or in any
publication we make about this study.
Compensation:
As UNL students, you can choose to receive compensation for study participation
through either: two (2) research credits per hour of participation or $25 cash for the
entire participation.
Further Information About Study:
For questions about the research, feel free to contact the Principal Investigator, Jessie J.
Tibbs, M.A. at (402) 472-1805 or jessie.tibbs@huskers.unl.edu. If you have any
questions about your rights as a research participant that have not been answered by the
investigator, or to report any concerns about the study, you may contact the UNL
Institutional Review Board, telephone (402) 472-6965 or at irb@unl.edu.
Rights as a Participant:
You are free to decide not to participate in this study or to withdraw at any time without
affecting your relationship with the researchers or with your university. You also have
the right not to answer any questions that you do not feel comfortable answering.
Finally, your decision to withdraw or refuse to answer any questions will not result in
any loss of benefits to which you are otherwise entitled.
You are voluntarily making a decision whether or not to participate to allow your
information to be used for research. By signing below, you certify that you have decided
to participate having read and understood the information present. You will be provided
a copy of this consent form to keep.

______________________________________
Signature of Participant

_____________
Date

______________________________________
Signature of Researcher

_____________
Date
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Appendix C. Study Phone Screen
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Appendix D. Self-Report Measures (Uploaded into Qualtrics)
Demographic Information
1. Age:
2. What is your current gender identity?
a. 1 = Female
b. 2 = Male
c. 3 = Transgender woman
d. 4 = Transgender man
3. What sex were you assigned at birth, meaning on your original birth certificate?
a. 1 = Male
b. 2 = Female
4. Sexual Orientation
a. 1 = Bisexual
b. 2 = Gay/Lesbian
c. 3 = Heterosexual
d. 4 = Others
5. Marital Status
a. 1= Single
b. 2= Now married
c. 3= Divorced
d. 4= Separated
e. 5= Widowed
6. Ethnicity/ethnic background
a. 1 = American Indian/Native Alaskan
b. 2 = Black/African American
c. 3 = Hispanic/Latino/a
d. 4 = White
e. 5= Asian
f. 6 = Native Hawaiian/Pacific Islander
g. 7 = Other (Please describe)
7. Year in College
a. 0= Freshman
b. 1= Sophomore
c. 2= Junior
d. 3= Senior
e. 4 = Other _____________
8. What is your major? ___________
9. Are you part of a fraternity or sorority?
a. 1 = Yes
b. 2 = No
10. Have you ever had any legal trouble because of drinking or drugs:
a. Driving under the influence
1= yes; 2 = no
b. Minor in possession of controlled or illegal substance
1= yes; 2 = no
c. Disorderly house
1= yes; 2 = no
d. Possession of Drug Paraphernalia
1= yes; 2 = no
e. Possession of a Controlled Substance
1= yes; 2 = no
f. Possession with intent to deliver
1= yes; 2 = no
g. Juvenile or adult offense
1= yes; 2 = no
h. Disturbing the peace
1= yes; 2 = no
i. Public intoxication
1= yes; 2 = no
j. Assault-related charge
1= yes; 2 = no
k. Disorderly conduct
1= yes; 2 = no
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DAST-10
< Drug Use Questionnaire >
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Short UPPS-P Scale
After each item below, please write the number that best applies to you, based on
the following scale:
1 = strongly agree
2 = agree
3 = disagree 4 = strongly disagree
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

I generally like to see things through to the end.
My thinking is usually careful and purposeful.
When I am in a great mood, I tend to get into situations that
could cause me problems.
Unfinished tasks really bother me.
I like to stop and think things over before I do them.
When I feel bad, I will often do things I later regret in order to
make myself feel better now.
Once I get going on something I hate to stop.
Sometimes when I feel bad, I can’t seem to stop what I am doing
even though it is making me feel worse.
I quite enjoy taking risks.
I tend to lose control when I am in a great mood.
I finish what I start.
I tend to value and follow a rational, “sensible” approach to things.
When I am upset I often act without thinking.
I welcome new and exciting experiences and sensations, even if
they are a little frightening and unconventional.
When I feel rejected, I will often say things that I later regret.
I would like to learn to fly an airplane.
Others are shocked or worried about the things I do when I am
feeling very excited.
I would enjoy the sensation of skiing very fast down a high mountain
slope.
I usually think carefully before doing anything.
I tend to act without thinking when I am really excited.

____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
____
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Domain-Specific Risk-Taking (Adult) Scale – Risk Taking
For each of the following statements, please indicate the likelihood that you would
engage in the described activity or behavior if you were to find yourself in that situation.
Provide a rating from Extremely Unlikely to Extremely Likely, using the following scale:
1
Extremely
Unlikely

2
Moderately
Unlikely

3
Somewhat
Unlikely

4
Not Sure

5
Somewhat
Likely

6
Moderately
Likely

7
Extremely
Likely

1. Admitting that your tastes are different from those of a friend. (S)
2. Going camping in the wilderness. (R)
3. Betting a day’s income at the horse races. (F/G)
4. Investing 10% of your annual income in a moderate growth diversified fund. (F/I)
5. Drinking heavily at a social function. (H/S)
6. Taking some questionable deductions on your income tax return. (E)
7. Disagreeing with an authority figure on a major issue. (S)
8. Betting a day’s income at a high-stake poker game. (F/G)
9. Having an affair with a married man/woman. (E)
10. Passing off somebody else’s work as your own. (E)
11. Going down a ski run that is beyond your ability. (R)
12. Investing 5% of your annual income in a very speculative stock. (F/I)
13. Going whitewater rafting at high water in the spring. (R)
14. Betting a day’s income on the outcome of a sporting event (F/G)
15. Engaging in unprotected sex. (H/S)
16. Revealing a friend’s secret to someone else. (E)
17. Driving a car without wearing a seat belt. (H/S)
18. Investing 10% of your annual income in a new business venture. (F/I)
19. Taking a skydiving class. (R)
20. Riding a motorcycle without a helmet. (H/S)
21. Choosing a career that you truly enjoy over a more secure one. (S)
22. Speaking your mind about an unpopular issue in a meeting at work. (S)
23. Sunbathing without sunscreen. (H/S)
24. Bungee jumping off a tall bridge. (R)
25. Piloting a small plane. (R)
26. Walking home alone at night in an unsafe area of town. (H/S)
27. Moving to a city far away from your extended family. (S)
28. Starting a new career in your mid-thirties. (S)
29. Leaving your young children alone at home while running an errand. (E)
30. Not returning a wallet you found that contains $200. (E)
Note. E = Ethical, F = Financial, H/S = Health/Safety, R = Recreational, and S = Social.
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Domain-Specific Risk-Taking (Adult) Scale – Risk Perceptions
People often see some risk in situations that contain uncertainty about what the outcome
or consequences will be and for which there is the possibility of negative consequences.
However, riskiness is a very personal and intuitive notion, and we are interested in your
gut level assessment of how risky each situation or behavior is.
For each of the following statements, please indicate how risky you perceive each
situation. Provide a rating from Not at all Risky to Extremely Risky, using the following
scale:
1
Extremely
Unlikely

2
Moderately
Unlikely

3
Somewhat
Unlikely

4
Not Sure

5
Somewhat
Likely

6
Moderately
Likely

7
Extremely
Likely

1. Admitting that your tastes are different from those of a friend. (S)
2. Going camping in the wilderness. (R)
3. Betting a day’s income at the horse races. (F/G)
4. Investing 10% of your annual income in a moderate growth diversified fund. (F/I)
5. Drinking heavily at a social function. (H/S)
6. Taking some questionable deductions on your income tax return. (E)
7. Disagreeing with an authority figure on a major issue. (S)
8. Betting a day’s income at a high-stake poker game. (F/G)
9. Having an affair with a married man/woman. (E)
10. Passing off somebody else’s work as your own. (E)
11. Going down a ski run that is beyond your ability. (R)
12. Investing 5% of your annual income in a very speculative stock. (F/I)
13. Going whitewater rafting at high water in the spring. (R)
14. Betting a day’s income on the outcome of a sporting event (F/G)
15. Engaging in unprotected sex. (H/S)
16. Revealing a friend’s secret to someone else. (E)
17. Driving a car without wearing a seat belt. (H/S)
18. Investing 10% of your annual income in a new business venture. (F/I)
19. Taking a skydiving class. (R)
20. Riding a motorcycle without a helmet. (H/S)
21. Choosing a career that you truly enjoy over a more secure one. (S)
22. Speaking your mind about an unpopular issue in a meeting at work. (S)
23. Sunbathing without sunscreen. (H/S)
24. Bungee jumping off a tall bridge. (R)
25. Piloting a small plane. (R)
26. Walking home alone at night in an unsafe area of town. (H/S)
27. Moving to a city far away from your extended family. (S)
28. Starting a new career in your mid-thirties. (S)
29. Leaving your young children alone at home while running an errand. (E)
30. Not returning a wallet you found that contains $200. (E)
Note. E = Ethical, F = Financial, H/S = Health/Safety, R = Recreational, and S = Social.
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Domain-Specific Risk-Taking (Adult) Scale – Expected Benefits
For each of the following statements, please indicate the benefits you would obtain from
each situation. Provide a rating from 1 to 7, using the following scale:
1
No benefits

2

3

4
Moderate Benefits

5

6

7
Great Benefits

1. Admitting that your tastes are different from those of a friend. (S)
2. Going camping in the wilderness. (R)
3. Betting a day’s income at the horse races. (F/G)
4. Investing 10% of your annual income in a moderate growth diversified fund. (F/I)
5. Drinking heavily at a social function. (H/S)
6. Taking some questionable deductions on your income tax return. (E)
7. Disagreeing with an authority figure on a major issue. (S)
8. Betting a day’s income at a high-stake poker game. (F/G)
9. Having an affair with a married man/woman. (E)
10. Passing off somebody else’s work as your own. (E)
11. Going down a ski run that is beyond your ability. (R)
12. Investing 5% of your annual income in a very speculative stock. (F/I)
13. Going whitewater rafting at high water in the spring. (R)
14. Betting a day’s income on the outcome of a sporting event (F/G)
15. Engaging in unprotected sex. (H/S)
16. Revealing a friend’s secret to someone else. (E)
17. Driving a car without wearing a seat belt. (H/S)
18. Investing 10% of your annual income in a new business venture. (F/I)
19. Taking a skydiving class. (R)
20. Riding a motorcycle without a helmet. (H/S)
21. Choosing a career that you truly enjoy over a more secure one. (S)
22. Speaking your mind about an unpopular issue in a meeting at work. (S)
23. Sunbathing without sunscreen. (H/S)
24. Bungee jumping off a tall bridge. (R)
25. Piloting a small plane. (R)
26. Walking home alone at night in an unsafe area of town. (H/S)
27. Moving to a city far away from your extended family. (S)
28. Starting a new career in your mid-thirties. (S)
29. Leaving your young children alone at home while running an errand. (E)
30. Not returning a wallet you found that contains $200. (E)
Note. E = Ethical, F = Financial, H/S = Health/Safety, R = Recreational, and S = Social.
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Appendix E. Ohio State University TBI Identification Method Interview Form
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Appendix F. Alcohol Purchase Task
Directions: “In the questionnaire that follows we would like you to pretend to purchase
and consume alcohol. Imagine that you and your friends are at a party on a weekend
night from 9:00p.m. until 2:00a.m. to see a band. Imagine that you do not have any
obligations the next day (i.e., no work or classes). The following questions ask how many
drinks you would purchase at various prices. The available drinks are standard size
domestic beers (12 oz), wine (5 oz), shots of hard liquor (1.5 oz), or mixed drinks
containing one shot of liquor. Assume that you did not drink alcohol or use drugs before
you went to the party, and that you will not drink or use drugs after using the party. You
cannot bring your own alcohol or drugs to the party. Also, assume that the alcohol you
are about to purchase is for your consumption only. In other words, you can’t sell the
drinks or give them to anyone else. You also can’t bring the drinks home and you have no
other alcohol at home. Everything you buy is, therefore, for your own personal use within
the five-hour period that you are at the party. Please respond to these questions honestly,
as if you were actually in this situation.”
How many drinks would you consume
from 9:00p.m. to 2:00a.m. if they cost:
FREE
$0.50 per drink
$1.00 per drink
$1.50 per drink
$2.00 per drink
$3.00 per drink
$4.00 per drink
$5.00 per drink
$6.00 per drink
$7.00 per drink
$8.00 per drink
$9.00 per drink
$10.00 per drink
$15.00 per drink
$20.00 per drink
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Appendix G. Balloon Analogue Risk Task Example Stimuli

164
Appendix H. N-back Task Sample Stimuli, Image from Sweet, 2011.

